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GEOLOGY  OF  MASSACHUSETTS  AND  RHODE  ISLAND. 


By  B.  K.  Emeeson. 

INTRODUCTION.  / 
SOURCES  OP  MATERIAL 

In  preparing  the  present  treatise  and  the  accompanying  geologic 
map  of  Massachusetts  and  Rhode  Island  (PI.  X,  in  pocket)  I  have 
endeavored  to  use  all  the  material  available.  The  matter  has  been 
greatly  condensed,  for  the  detailed  geology  of  a  considerable  part  of 
the  area  will  be  described  in  a  number  of  forthcoming  folios  of  the 
Geologic  Atlas  of  the  United  States.  The  Holyoke  folio,  published 
in  1898,  covered  the  major  part  of  the  Triassic  rocks  in  Massachu- 
setts, but  as  those  rocks  have  since  been  more  thoroughly  studied  they 
are  here  treated  in  greater  detail  to  bring  their  discussion  up  to  date. 

The  description  and  map  of  the  part  of  Massachusetts  east  of 
Pittsfield  and  west  of  Framingham  are  mainly  the  results  of  my 
own  studies,  which  began  in  1871  and  still  continue.  Prof.  Joseph 
H.  Perry  has  been  associated  with  me  for  many  years  in  these  studies 
and  is  a  recognized  authority  on  the  geology  of  Worcester,  and  Mr. 
C.  S.  Merrick  and  Prof.  Fred  A.  Peck  have  worked  as  assistants  in 
Worcester  and  Franklin  counties,  respectively. 

The  discussion  and  map  of  the  Hoosac  Mountain  district,  in 
western  Massachusetts,  are  the  result  of  studies  by  Raphael  Pum- 
pelly,  J.  E.  Wolff,  and  T.  N.  Dale.1  I  have  also  had  access  to  all  the 
maps  made  by  Mr.  Dale  for  the  northern  half  of  western  Berkshire 
Counjy  and  to  those  made  by  Prof.  William  H.  Hobbs  and  by  Prof. 
Joseph  Barrell  f or  the  southern  half,  and  have  become  familiar  with 
that  region  on  tramps  through  every  part  of  it  in  conference  with 
all  those  geologists. 

The  map  of  the  Narragansett  Basin  is  drawn  from  maps  pre- 
pared by  Prof.  J.  B.  Woodworth  and  Dr.  A.  F.  Foerste.2  For 
western  Rhode  Island  the  data  are  meager,  but  a  recent  paper  by 
G.  F.  Loughlin 1  gives  a  new  map  of  the  south  half  of  that  State. 

1  Geology  of  the  Green  Mountains  In  Massachusetts :  U,  S.  Geol.  Surrey  Mob.  28,  1894. 
•  Geology  of  tie  Nsjragsnsett  Basin :  V.  &  Geol.  Survey  Mob.  88,  1890. 
•iBtrustr*  granites  and  associated  metoisorpblc  sediments  In  southwestern  Rhode 
Island :  Am.  J  oar.  Set,  4th  ser.,  vol.  39,  p.  44T.  1610. 
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Far  the  region  east  of  the  Narrngansett  Basin  the  boundaries  drawn 
by  Hitchcock  in  1841  have  been  used. 

The  map  of  the  part  of  Massachusetts  east  of  Pepperell,  Ayer, 
Harvard,  Hudson,  Southboro,  Hopkinton,  Mil  ford,  and  Bellingham 
and  north  of  Franklin,  Walpole,  Norwood,  Braintree,  Hingham,  and 
Cohasset  is  based  almost  wholly  on  the  work  of  Laurence  LaForge, 
of  the  United  States  Geological  Survej\  Mr.  LaForge  has  been 
engaged  for  several  years  in  the  study  of  the  geology  of  that  part 
of  the  State  and  has  drawn  the  map  of  that  region  for  me,  except 
the  portion  for  the  area  of  Quincy  granite  and  associated  rocks  in 
eastern  Essex  County,  which  was  compiled  by  me  from  Sears's 
map  of  Essex  County  1  and  from  unpublished  maps  by  C.  H.  Clapp 
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PHYSIOGRAPHY. 

The  State  of  Massachusetts  presents  a  perfect  illustrative  section 
across  the  Appalachian  Mountain  system  in  an  area  where  it  culmi- 
nates in  variety  and  complexity,  about  midway  in  its  great  sweep 
frem  Newfoundland  to  Alabama.  This  area  lies  just  south  of  the 
region  where  the  great  folds  of  this  mountain  system  were  com- 
pressed against  the  Adirondacks,  by  forces  thrusting  from  the  east, 

5  Baua,  J.  a.,  The  phyricmJ  geography,  ■aolofy,  miner* log?,  ud  pUeootolocr  of  Btuwx 
County,  M»ix ,  Saien,  1W6. 
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in  a  zone  where  the  ancient  unfolded  rocks  of  New  York  form  the 
foreland.  As  the  rocks  now  at  the  surface  can  have  attained,,  their 
present  condition  only  under  the  weight  of  a  great  mass  of  superin- 
cumbent material,  and  as  the  surface  everywhere  shows  steeply  dip- 
ping and  truncated  layers,  it  is  evident  that  erosion  by  rain  and  wind 
and  frost  und  streams  has  worn  down  these  great  folds  as  they  rose 
into  prominent  mountain  chains,  leaving  a  low  plateau  showing 
mountainous  structure  but  without  mountains.  The  agents  of  ero- 
sion cut  the  mass  down  toward  sea  level,  the  goal  to  which  all  erosion 
tends,  and  almost  reached  it,  for  the  region  was  worn  down  to  a 
peneplain.  W.  M.  Davis,  in  developing  this  idea  and  giving  this 
name  to  a  plain  thus  formed,  applied  to  the  elevations  which  survive 
above  the  general  plain  when  the  work  has  been  interrupted  before 
completion,  the  term  "  monadnocks,"  from  the  name  of  the  well- 
known  mountain  in  New  Hampshire,  just  over  the  Massachusetts 
border.  The  chief  monadnocks  standing  on  the  upland  of  central 
Massachusetts  are  Mount  Wachusett,  the  Watatics,  Mount  Grace, 
Brush  Mountain,  and  Asnebumskit  HilL 

At  the  completion  of  this  epoch  of  erosion  the  surface  of  the  State 
was  a  nearly  continuous  plain,  sloping  southward  and  eastward,  of 
which  tie  present  broad,  flat  uplands  are  remnants.  This  plain  was 
then  raised  as  a  whole,  without  folding,  but  by  broad  warping  and 
tilting,  so  that  in  the  northwestern  part  of  the  State  it  stood  abont 
2,000  feet  above  the  sea.  As  a  result  of  this  uplift  the  streams,  which 
ran  southward  and  eastward  across  the  plain,  cut  deep  trenches  in  the 
upland.  In  the  soft  sandstones  of  the  Connecticut  Valley  and  the 
soluble  limestones  of  the  Housatonic  Valley  these  trenches  were 
widened  into  broad,  flat-bottomed  valleys,  the  beginnings  of  new, 
transient  peneplains,  whose  elevation  was  determined  not  by  sea  level 
but  by  obstructions  farther  downstream. 

Thus  erosion  has  marked  out  the  broad  topographic  divisions  of 
the  State,  which  are  also  the  broad  geologic  divisions.  These  divi- 
sions are  enumerated  below  "IjiTWn  T»lff;(i;fflp  '"j^'i  jtrtffifffi('1tfft$i 

First  The  Cambrian  and  Ordovician  limestone  valley  of  -  the 
Housatonic,  in  which  steep  schist  ridges  rise  from  Greyloek  to 
Canaan  Mountain,  and  which  is  a  sort  of  prong  of  the  Great  Appa- 
lachian Valley.  The  great  scenic  beauty  of  this  valley  depends  on 
the  sharp  contrast  in  relief  between  the  soft  soluble  limestone  of  the 
lowlands  and  the  resistant  schist  of  the  bold  ridges. 

Second.  The  broad  Archean-Silurian  upland  of  eastern  Berkshire 
County— the  Green  Mountain  protsxia — running  through  Hoosac 
Mountain  and  flie  "hill  towns"— Peru,  Washington,  and  Becket. 
This  higher  western  axial  part  of  the  upland  is  underlain  by  Archean 
rocks,  on  which  rest  belts  of  schist*  and  limestones  that  are  infolded 
in  granites  and  that  havr  curved  northwesterly  treads.  The  erosion 
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of  th\e  limestones  in  pr 

into  which  the  Cambr  and 

posited  their  own  limi_:_:.„,  l^ut  u.™^  M  ,<u>di  u*« 

disclosed  the  older  marbles.  The  rocks  of  the  uplands  have  in  part 
been  thrust  over  the  limestone  of  the  Housatonic  Valley  along  fault 
planes  and^orm  a  lobed  or  scalloped  escarpment  facing  it  These 
nnd  other  faults  have  exercised  considerable  control  over  the  direc- 
tion and  depth  of  erosion.  The  eastern  half  of  the  upland  slopes 
gradually  eastward  and  is  made  up  of  northward-trending  schist 
ranges,  which  include  many  beds  of  limestone  and  are  much  cut  by 
granite.  The  divide  lies  along  the  higher,  western  crest  of  the  up- 
land, and  the  greater  part  of  it  is  drained  southeastward  to  the  Con- 
necticut, only  the  curved  limestone  valleys  being  drained  westward  to 
the  Housatonic 

Third.  The  Devonian-Triassic  valley  of  the  Connecticut,  in  which, 
there  are  sharp  trap  ranges  topographically  much  like  Monument 
Mountain  in  the  Housatonic  Valley.  Great  faults  along  the  scarps 
on  both  sides  of  the  valley  have  lowered  and  thus  preserved  the  sand- 
stones in  which  the  valley  has  been  cut  to  form  a  younger  incipient 
peneplain. 

Fourth.  The  central  upland,  or  Worcester  County  plateau,  made 
up  of  alternate  broad  bands  of  Carboniferous  granite  and  narrower 
bands  of  folded  schists,  repeating  in  part  the  structure  and  lithology 
of  the  western  upland.  The  northern  part  of  the  westernmost  range 
of  granite  is  rather  resistant  and  forms  monadnocks  like  Mount 
Grace,  but  its  southern  part  has  been  deeply  eroded  in  the  Wilbraham 
Valley.  The  granite  belt  next  east  is  made  up  of  less  resistant  rock 
and  forms  the  Monson  Valley  and  the  broad,  relatively  low  strip  that 
stretches  from  Orange  to  Palmer.  The  third  granite  belt  is  more  re- 
sistant again  and  forms  such  monadnocks  as  Wachusett  and  Asne- 
bumskit  Just  east  of  it  the  weak  Worcester  phyllite  is  wora,,down 
in  the  low  Nashua  Valley. 

Fifth.  The  bordering  slope  that  descends  gradually  eastward  and 
southeastward  from  the  irregular  but  fairly  definite  escarpment 
bounding  the  central  upland.  The  descent  is  by  no  means  uniform, 
and  the  general  surface,  if  restored  by  filling  the  valleys  to  the 
height  of  the  hilltops,  would  be  not  at  all  smooth  and  would  not  have 
a  regular  and  gentle  slope  from  the  central  upland  to  the  coast. 
Southeastern  Worcester  County  and  northwestern  Rhode  Island  are 
in  large  part  a  rugged  upland  of  pre-Cambrian  rocks,  which,,  though 
much  lower  than  the  central  upland,  stands  distinctly  above  the 
country  northeast  and  southeast  of  it.  Northeastern  Massachusetts, 
north  of  the  forty-second  parallel,  is  crossed  by  several  belts  of  billy 
country  which  have  a  general  northeast-so'ithwest  trend  brt  whkh 
converge,  in  a  way,  on  the  rugged  upland  just  i.pf  '  t  aed  aiid  t  ; 
separate  broad  tracts  of  lowland  that  are,  to  -*on.e  extent  Sieya 


Recent.  Terrui-eileposltJ. 


rifisto- 

cene. 


tertiary. 

Unconformity  

Cretaceous. 
Unconformity  1 


Iipposlta  of  claclal 
lakes. 

Till  ond  oulwash  de- 
posits. 
Bowlder  trains. 


TeiTaoe  deposit* 


Deposits  of  glacial  lakes. 
Till  and  outwaeh  deposits. 
Bowlder  trains. 


Terrace  deposits. 


Deposits  of  glacial  lakes. 
Till  and  otitwash  depnsns. 


Pliocene  (f )  at  Northampton. 


and  Memmaok  Valley.        Including  Bolton  district. 


Terraoe  deposits. 


Deposits  of  glacial  lakes. 
Till  and  sutwosh  deposits. 


Terrace  doposlts. 


Deposits  of  glacial  lakes. 
Till  and  outwosh  deposits. 
Bowlder  trains. 


and  Hbode  Islunil. 


Terrace  deposits. 


Deposits  of  gluclul  lakes. 
Till  and  outwosh  deposit- 
Bowlder  trains. 


Pliocene. 
Miocene. 
Eocene. 


Upper  Cretaceous. 
Lower  Cretaceous. 


Triasslc  (Newark 
group). 


Unconformity  . 


Late  Carboniferous 
or  post-Carbonif- 
erous igneous 
rocks. 


Carboniferous  sedt- 
mratary  rods. 


Early  Carboniferous 
igneous  racks. 


Unconformity  

S&uratu  or  Devoni- 
an  igneous  rooks. 


52 
a 


Cbieopee  shale, 
(iranby  tuff. 
Hampden  diabase. 
I-ongmoadow  sandstone, 
llolyoke  diabase. 
Talcott  diabase. 
Mount  Tobv  conglomerate. 
Sugorloaf  orkose. 


rMabase. 


1'egmatlte  with  albitic  granite  and 

great  quartz  veins. 
Vlddlcfield  granite. 
|  W  illiamsburg  granodiorite. 


fielrhertown  tonollte. 


Amherst  schist  (east  side  of  Connecti- 
cut Valley  to  edge  of  Worcester 
County). 


QuabJn  quartette. 
Erring  hornblende  schist. 


PegmatJta. 


Coys  1III1  granite. 
Huljbarusum  granite. 
Fitc.hbiirg  granite. 
Kitnviiliam  rranite. 
Hard  wick  granite. 
Pflham  granite. 
Northfieldite. 
Monson  grarjdlorlte. 
New  Salem  iplite. 
Dana  diorite. 
Preecott  diotte. 
Belchortowi  tonalite 
associated  rocks. 


if 


and 


Olivine  diabase. 


Olivine  diabase. 
Diabase. 


Olivine  diabase. 
Diabase. 


Ayer  granite. 
Andover  granite. 


Dractit  diorite  and  associated 

fabbro. 
Straw  Hollow  diorite. 


Urimftelf! 


Paxton  qua.  tohiat. 


Bernards  ton  formation. 


Worcester  pbylllte  (Penn- 
sylvantau): 
Dark  phylttte. 
Chiastolite  schist. 
Harvard  conglomerate 
laatJL 
Boylston  schist. 
Brtafleki  sensst. 
Oxford  schist. 


Oakdale  quarUite. 
Merrimack  quartette. 


^eplieil  te  I  urn tii|  t ■>&•>. 


MJltord  granite. 
Ironstone  quarts  diorite. 
Apllte  and  northnHdlte. 
M  olfpen  tonalita. 


Andover  granite. 


Westerly  granite. 
Sterling  granite  gneiss. 


Greenstone  (diabase)  dikes. 


Cambridge  slate. 
Buxbury  conglomerate: 
1.  Squantum    til  lite 
member. 


DnconformityfT) 

2.  Dorchester  slate 
member. 


J.  Brocldlne  conglomer- 
ate member. 


Dighton  conglomerate  at 
north;  Purgatory  conglom- 
erate at  south. 


Rhode    Island  formation 
( Fennsyi  vanlan). 


Wamsutta  formation. 
PondviUe  and  BeUingbam 

congtomeratas  (probably 

the  same). 


aCattapan  volcanic  complex 
(lower  part  called  Lynn 
volcanic*). 

Nephalite-beartag  rooks. 

Pquam  granite. 

Qurncy  granite. 

Blue  Hal  granite  porphyry. 

Beverly  syenite. 

Quarts  syenite. 

Nephelite  syanlU. 


Velnqnarti  of  Diamond  Hal. 
Mattapan  volcanic  complex. 


Quincy  granite. 
Blue-quarts  porphyry. 


Diabase. 

Dedham  granodiorlte. 
Nswrjuryport  quarts  diorite 
Salem  •^Ssro-dlorite. 
Gabbroat  Nahant. 


fEh&SO 

Oranlte  at  Conanicut  Island, 
Nejr^crt  Neck,  and  Near 

Cam  barisndits . 


OdtoJte. 


'  N#whurv  vokmnic  ocmptac. 


1  1 

associated  reosj, 

Oreonstone  (dlotmse 

Carboniferous  sedi- 
mentary rooks. 

—  

Cambridge  slate. 

Roxbury  ranclumerole: 

1.  tiqu:ilitum    1 1 1 1 1 1  c 

member. 

Unconformity(T) 

2.  Dorchester  slate 

member. 

High  ton    conglomemte  at 
north;  Purgatory  conglom- 
erate et  south. 

Amherst  schist  (oast  side  of  Cunnecli- 
cut  Valley  to  edge  ol  Worcester 
County). 

Brimfleld  so 

_ 

It 

Worcester  phyllite  (renn- 
sylvantan): 
|  Darkphvllile. 
Chiasfollte  schist. 
Harvard  conglomerate 
lentil. 
Floylston  scblst. 
Drimneld  schist. 
Oxford  schist 

Rhode    Island  formation 
(Tennsylvanlan). 

l^UUi'lTl  fjiKirtzitB, 

Erving  bornblende  schist. 

Paxton  quaj 

chlst. 

Oakdale  quartiite. 
Merrimack  quartiite. 

3.  Brookllne  conglomer- 
ate member. 

Wamsutto  formation 
Pondvlile  and  Bellingham 

conglomerates  (probably 

the  same). 

Early  Carboniferous 
igneous  rocks. 

1 

1 

Nephelite-bearing  rocks. 

Mattapan  volcanic  complex 
(lower  part  tailed  Lynn 
volcanlcs). 

Kephelite-bearing  rocks 

Squam  granite. 

Quincy  granite. 

Blue  Hill  granite  porphyry 

Beverly  syenite. 

Quarti  syenite. 

Nephellte  syenite. 

Essexite. 

Vein  quarti  of  Diamond  Hill. 
Mattapan  volcanic  complex. 

Quincy  granite. 
Blue-quarts  porphyry. 

Devonian. 

Bernards  ton  formation. 

. 

| 
1 

Devonian  (T)  Igne- 
ous rocks. 

Unconformity  

1 

Mflford  granite. 
Ironstone  quarti  diorite. 
Aplite  and  northfleldite. 
Vk  olipen  tonallte. 

Diabase. 

Dedham  granodiorlte. 
Newburyport  quarti  diorite. 
Salem  gabbro-diorite. 
Gabbro  at  Nahaut 

Diabase. 

Granite  at  Conanfcut  Island, 

Bedford!  N<>Ck'  N*W 
Cumr^landite. 
Sharon  syenite. 
Odinite. 

Silurian  or  Devoni- 
an igneous  rocks. 

Newbury  volcanic  complex. 

saurian  (7)  sedi- 
mentary rocks. 

Greet  unconformity 

Ordovician  Igneous 
rocks. 

Leyden  orgiltite. 
Conway  schist. 
Goshen  schist. 

1 

i 

Perldotlte  and  serpentine. 

"  ; — - — :  

Ordovician  sedi- 
mentary rocks. 

Cambrian. 
Unconformity  ■ 

Greylock  schist. 
Beliowspipe  limestone. 
Berkshire  schist 
Stock  bridge  limestone 
(upper  part). 

Hewley  schist. 

Savoy  schist. 

Chester  amphibollte. 
/Bo we  schist. 
\Hoosac  schist. 

Stockbridge  limestone  (upper  part). 

■  1 

Stockbridge  limestone 
(lower  part).  (Lower 
Cambrian  in  lower 
part.) 

Cheshire  quartiite 
(Lower  Cambrian). 

Dalton  formation 
(Lower  Cambrian). 

Stockbridge  limestone  (lower  part). 

Cheshire  quartilte. 
Dalton  formation. 

■ 

•  1 
1 

Bralntree slate  (Middle Cam- 
brian). 

Weymouth  formation 
(Lower  Cambrian). 

Hoprjta  slat*  (Lower  Cam- 

AlronUan  (T). 
Unconformity  

Marlboro  formation. 
Westboro  quartilte. 

Marlboro  formation,  includ- 
ing other  rocks  of  Algon- 
kian  (?)  age. 

Westboro  quartiite. 

Marlboro  formation,  with 
SmithSsid  limestone  mem- 
ber. 

Westboro  ("Grafton'*) 
guartdte,    with  Albion 
•chlst  member. 

Arch  sen  igneous 
rook*. 

Stamford  granite  gneiss. 

D  unite. 

Itecket  granite  gneiss. 
Lee  quarts  diorite. 
Tltanite-diopslde  diorite  apUte. 
Stamford  granite  gneiss. 

Vorthbridge  granite  gneiss 
(Arahean  T). 

: 

Vorthbridge  granite 
(Archsant). 

Arahean  sedimen- 
tary rooks. 

Washington  .gneiss. 
Coles  Brook  limestone. 
Hlnadali  ati;.i-«. 

!  \         808«4*— Ball.  BBT — 17.   (To  face  page  IT.) 

J 


■U  INTRODUCTION.  17 

if  t'i  streams  of  that  pnrt  of  the  State.  The  only  one  of  these 

iiil     <        fh^hJ  can  really  be  called  a  range  extends  from  Shrews- 
pasfryard  through  Harvard  and  Westford  into  Chelms- 
eparqtes  the  basin  of  Nashua  River  from  that  of  Assabet 
d  rivers.  It  follows  a  belt  of  metamorphosed  sedimentary 
appears  to  be  much  more  resistant  than  the  rocks  on 
)i  it,  though  they  are  largely  granitic, 
in  a  broad  way  a  relation  between  the  topography  and 
--ucture  of  this  part  of  the  State,  as  the  hilly  belts  are  to 
a  large  e>;t<jnt  underlain  by  granites  and  other  igneous  rocks  and  the 
lowland^  are  more  or  less  underlain  by  sedimentary  rocks,  but  there 
are  so  <   my  exceptions  that  the  relation  is  far  from  being  a  rule. 
~~"TJarro\  v  marginal  lowlands  border  the  coast  in  northeastern  Essex 
County  a  nd  about  the  shore  of  Boston  Bay.  The  one  about  Boston 
Bay  extc  nds  inland  to  form  the  Boston  Basin,  which  has  been  cut  in 
Carboniferous  strata.  A  similar  lowland,  which  also  has  been  eroded 
in  Carboniferous  strata  and  has  been  partly  submerged  to  form  Nar- 
ragansejtt  Bay,  extends  northeastward  from  Narragansett  Bay  nearly 
to  Massachusetts  Bay.    It  forms  a  narrow  strip  of  the  mainland 
west  of  |  Narragansett  Bay  and  is  bordered  on  the  west  by  the  granitic 
upland  of  western  Rhode  Island,  which  overlooks  it  along  a  line  of 
low  bluffs.   A  similar  low  granitic  upland  forms  the  peninsula  be- 
tween Narragansett  and  Buzzards  bays. 

The  rocks  of  the  fifth  division,  which  is  about  equal  in  area  to 
the  first  four  combined,  also  present  a  greater  diversity  in  kind  ahd 
structure  than  those  of  any  other  division.  Periods  of  sedimenta- 
tion in  parts  of  the  area  were  interrupted  by  periods  of  deformation 
and  followed  by  periods  of  intrusion.  As  a  result  the  division  is  a 
great  complex  of  stratified  rocks,  different  parts  of  which  are  as- 
signed to  the  pre-C&mbrian  (?),  Cambrian,  Devonian  {?),  and  Car- 
boniferous periods,  respectively,  and  of  igneous  rocks  of  several 
ageSr-pre-Cambrian  (!),  Devonian,  and  early  and  late  Carbonifer- 
ous. The  whole  complex  has  been  seveial  times  folded  and  faulted 
and  has  been,  deeply  eroded,  so  that  in  parts  of  the  area  rocks,  of 
presumed  Archesu  age  are  exposed. 


aost  wholly 
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PART  I.   SEDIMENTARY  ROCKS. 

PRE-  CAMBRIAX  ROCKS.  1 

GENERAL  FEA TUBES.  \ 

Two  widely  separated  areas  of  pre-Cambrian  rocks  enter  i IhVSkAe. 
of  Massachusetts  from  the  south — one  from  western  Coi  nnecticut, 
forming  the  axis  of  the  Green  Mountains  and  extending  ntWthward 
into  Vermont,  the  other  from  western  Rhode  Island,  forniing  the 
high  ground  in  southeastern  Worcester  County  and  extending  north- 
eastward into  Essex  County.    The  rocks  of  the  western  aVea  are 
highly  metamorphosed  and  include  such  types  as  coarse  choncfcrpditic 
limestones  and  blue-quartz  gneiss.    They  are  separated  frXm  the 
overlying  Cambrian  strata  by  a  marked  unconformity  and  arej^ere- 
fore  regarded  as  belonging  among  the  older  pre-Cambrian  rock* 
and  are  assigned  to  the  Archean.  The  eastern  area  contains  a  lower 
granitoid  formation  (the  Northbridge  granite  gneiss),  which  re- 
sembles the  Stamford  granite  gneiss  of  the  western  ares  and  which 
is  overlain  unconformably  by  a  series  of  strata  that  are  more  meta- 
morphosed than  the  adjacent  Cambrian  strata  and  are  tentatively  as- 
signed to  the  Algonkian. 

All  the  areas  of  pre-Cambrian  rocks  in  western  Massachusetts,  ex- 
cept the  Hoosac  Mountain  area,  have  been  mapped  and  discussed  in 
detail  by  me  in  previous  reports,1  and  the  minerals  have  been  fully 
described  in  the  mineral  lexicons  accompanying  those  reports. 

Further  study  has  shown  that  the  supposed  transition  of  the  Cam- 
brian conglomerate  into  the  light-gray  Becket  gneiss  does  not  exist 
and  that  the  gneiss  is  in  the  main  an  eruptive  rock  of  pre-Caniorian 
age,  cutting  the  pre-Cambrian  sedimentary  rocks,  that  th&  "  Tyring- 
ham  gneiss"  is  merely  a  coarser,  darker,  and  more  stretched Ifaeiesi 
of  the  Becket  granite  gneiss,  and  that  the  black  Lee  "gneiss*  is  in 
reality  a  quartz  diorite— a  differentiate  of  the  Becket  granite  gneiss—- 
and  appears  in  especial-  force  in  contact  with  the  limestone  All 
these  rocks  and  the  Stamford  granite  gneiss  of  Hoosac  Mountain  are 
described  under  the  heading  w  Igneous  rocks*'  (pp.  150-165). 

Geology  of  old  Hampshire  County,  Man..-  V.  B.  GeoL  Surrey  Moo.  29,  JSSW.  The 
•toff  of  outers  Berkshire  County,  Mm.:  O.  8.  Owl.  Surrey  BvHL  IB*,  18W.  Set  cJk> 
8.  OeoL  Surrey  Bull.  1M,  IBS* 5. 
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ABCHEAN  SYSTEM. 
HINSDALE  GNEISS. 

General  character. — The  western  area  of  pre-Cambrian  sedimen- 
tary rocks  is  very  complex.  More  than  60  isolated  sedimentary 
tracts  are  included  in  the  extensive  area  of  Becket  granite  gneiss. 
The  oldest  formation  in  those  tracts  is  the  Hinsdale  gneiss,  which  is 
a  coarse  granitoid  biotite  gneiss,  much  of  it  epidotic,  everywhere 
including  beds  of  limestone,  quartzite,  and  a  coarse,  highly  mica- 
ceous, graphitic  schist,  the  least  altered  form  of  the  original  coaly 
argillaceous  beds.  Toward  the  south  this  schist  is  very  generally 
porphyritic,  fibrolitic,  and  graphitic.  The  formation  is  named  for 
its  occurrence  at  Hinsdale,  in  Berkshire  County. 

Pegmatite. — The  original  character  of  the  Hinsdale,  gneiss  is  still 
further  disguised  by  the  presence  of  coarse  feldspathic  rocks — allan- 
ite  pegmatites  and  titanite  pegmatites — which  very  generally,  at 
least  in  part,  appear  to  replace  limestone.  In  these  rocks  the  feld- 
spars occur  in  large,  curve-faced  phenocrysts,  some  of  them  opal- 
escent, like  the  feldspar  found  in  the  altered  limestone  beds,  or 
crushed  to  a  granular  mass.  Coarse  biotite  occurs  in  distinct  films 
or  in  columnar  aggregates,  as  if  pseudomorphic  after  some  prismatic 
mineral — possibly  pyroxene — or  it  may  be  almost  wholly  absent. 
Allanite  is  abundant  in  some  of  these  coarse  rocks;  in  others  large 
crystals  of  titanite  are  common.  In  places  the  rocks  are  actinolitic 
All  these  silicates  are  rich  in  calcium  and  suggest  the  capture  by  the 
heated  solutions  of  a  portion  of  the  calcium  from  the  limestone 
which  was  being  dissolved  to  make  place  for  the  new  rock.  The 
rare  elements  suggest  the  deep-seated  source  of  the  hot  solutions. 

Rocks  of  this  type  border  the  Archean  limestone  at  many  places^ 
as  at  Coles  Brook  and  at  the  iron  bridge  in  South  Windsor,  where 
they  have  plainly  replaced  portions  of  the  limestone;1  therefore 
their  origin  is  presumably  the  same  where  no  limestone  is  now  found 
near  them.  The  limestone  is  regularly  bordered  on  both  sides  by 
the  black  Lee  quarts  diorite  and  for  a  certain  distance  a  part  of  the 
limestone  bed  is  replaced  by  pegmatite.  At  South  Windsor  allanite, 
bordered  by  xanthorthite,  is  surrounded  by  the  usual  puckering, 
and  this  same  curious  puckering  surrounds  brown-red  crystals  of 
rutile,  which  have  been  superficially  changed  to  fine-grained  black 
titanite,  as  at  the  outcrops  half  a  mile  west  of  Bern  Center. 

Hornblende  reck*.— The  hornblende  gneisses  or  hornblende  schists 
that  form  part  of  the  Hinsdale  gneiss  are  very  dark  rocks  with  some- 
what gneissoid  aspect,  which  lie  in  bands  mterstratified  vdth  the  other 
schists.  Under  the  microscope  they  are  observed  to  lack  the  distinct 

I  See  tJ.  S  Oeel.  Surrey  Mom.  29,  ft*.  2,  p.  23,  where  the  coarse  pt*«»m»  n  eaUsu  ink* 
O&le  gcelas  ud  clearly  rtptadM  tfes  Uaeatone  (to*  tasKa  should  he  omitted) ;  aiss  U.  a. 
Ool.  Barmy  Bull.  lMkt  A*.  1,  B.  »-  >. 
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granitic  structure  of  the  Lee  quartz  diorite,  an  igneous  rock  bordering 
the  Becket  granite  gneiss  (see  p.  153),  and  they  have  a  metamorphic 
texture  which  can  be  best  explauied  by  supposing  their  derivation 
from  impure  ferruginous  limestone.  Under  the  microscope  the  field 
swarms  with  minute  grains  and  crystals  of  pale  hornblende,  aggre- 
gated in  places  into  larger  ragged-edged  grains.  The  colorless  back- 
ground is  made  up  of  a  fine-grained,  more  or  less  plumose  aggregate 
of  grains  of  plagioclase,  many  of  them  imperfectly  twinned  or 
strained,  resembling  the  water-deposited  albite  in  the  cavities  of 
diabase.1  Locally  it  surrounds  the  garnet  in  plumose  concentric 
layers.  Epidote,  titaniferous  magnetite,  and  leucoxene  are  rare  or 
lacking,  and  these  are  abundant  and  characteristic  in  the  Lee  quartz 
diorite. 

Fibrolitic  fades.— In  the  latitude  of  Otis  village  the  Hinsdale 
gneiss  begins  to  be  fibrolitic,  and  it  becomes  more  and  more  fibrolitic 
toward  the  south.  The  broad  Sandisfield  area  is  a  low  dome  in 
which  scarcely  anything  is  exposed  except  the  Hinsdale  gneiss; 
but  a  rusty  fibrolite  gneiss,  which  here  and  there  contains  blue 
quartz  and  allanite  and  small  beds  of  chondrodite  limestone,  extends 
from  this  area  into  Connecticut.  Finally,  in  the  small  areas  south- 
west of  this  region  which  are  exposed  by  the  solution  of  the  Coles 
Brook  limestone  and  the  sinking  and  removal  of  the  Becket  granite 
gneiss,  the  rock  is  still  more  strongly  ferruginous  than  that  farther 
north  and  contains  much  magnetite,  pyrite,  and  pyrrhotite. 

From  Campbell  Falls  in  New  Marlboro  southward  extend  long 
bands  of  a  dark  schistose  biotitic  gneiss,  which  is  full  of  rounded 
nodules  of  microcline  largely  changed  to  muscovite  and  full  of 
fibrolite.  Similar  rock  occurs  in  the  southern  part  of  the  Sandis- 
field area. 

'  This  change  in  the  character  and  arrangement  of  the  pre-Cam- 
brian  rocks  has  had  a  marked  influence  on  the  topography  of  the 
range  throughout  its  course  across  the  State  of  Massachusetts.  In 
the  solid  block  of  the  Stamford  granite  gneiss  the  pre-Cambrian 
composes  the  crest  of  the  Hoosac  Mountain  range,  and  farther  south 
the  solution  of  the  limestones  has  formed  all  the  passes  across  the 
mountains  sad  many  rock-bordered  ponds,  ,  ;  jr^^ft&W 


with  a  maximum  thickness  of  000 
anticline  of  the  Hinsdale  gneiss, 
the  gneiss,  tad  in  beds  several  hu 
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dale  these  beds  are  surrounded  by  the  Becket  granite  gneiss  bor- 
dered by  a  broad  contact  band  of  the  dark  Lee  quartz  diorite. 

The  Coles  Brook  is  a  coarse,  highly  crystalline,  magnesian  lime- 
stone, locally  white  and  pure,  generally  graphitic  and  greatly 
changed  to  a  mass  of  silicates — chondrodite,  wollastonite,  wernerite, 
hypersthene,  pyroxene,  amphibole,  titanite,  adularia,  pericline,  and 
others.  Apatite  and  spinel  are  lacking,  but  spinel  appears  in  the 
same  limestone  just  over  the  State  boundary  in  Norfolk,  Conn. 
These  aggregates  are  in  places  changed  into  serpentine  or  massive 
talc.  The  talc,  derived  from  tremolite,  has  been  much  quarried  at 
Windsor  Falls. 

In  the  southern  part  of  the  State  the  limestone  is  largely  changed 
to  pyrrhotite,  and  much  mining  for  nickel,  gold,  and  iron  has  been 
done  on  the  beds,  though  without  important  results.  The  coarse, 
granular  white  marble  from  Hinsdale  station  contains  76.85  per  cent 
CaCO,;  13.20  per  cent  MgCO,,  and  9.92  per  cent  insoluble,  and  that 
from  the  iron  bridge  in  Windsor  contains  75.80  per  cent  CaCO,,  ac- 
cording to  analyses  made  by  E.  S.  Wooster,  in  the  laboratory  of 
Amherst  College,  ^^P^^^^^Vi^^^t^^^^f^^^^. 

A  very  thick  bed  of  the  limestone  surrounds  the  largest  area 
of  the  Hinsdale  gneiss  in  Hinsdale.  It  forms  a  closed  anticline,  so 
that  the  limestone  seems  to  be  newer  than  the  gneiss,  but  rocks 
of  the  Hinsdale  type  extend  on  either  side  beyond  the  limestone 
as  far  as  the  surrounding  granite,  so  that  it  can  only  be  said  that 
the  bed  lies  in  the  upper  portion  of  the  Hinsdale  gneiss. 

Farther  east  several  beds  of  a  similar  limestone  from  100  to  300 
feet  thick  and  from  1  to  4  miles  long  run  parallel  to  one  another 
from  Middlefield  across  Becket,  crossing  the  railroad  between  the 
Middlefield  station  and  Coles  Brook.  They  lie  wholly  is  the  Becke* 
granite  gneiss  and  the  beds  stand  vertically  and  can  be  follows 
from  the  bed  of  the  brook  up  over  hills  600  feet  high.  They  are 
in  many  places  flanked  on  either  side  by  the  black  Lee  quarts  diorite 
and  this  by  the  light  Becket  granite  gneiss,  which  is  locally  pseudo- 
conglomeratic.  The  whole  at  first  seemed  to  be  a  conformable  sedi- 
mentary series  and  was  so  interpreted.  It  is  difficult  to  see  how  so 
much  of  'the  limestone  can  nave  extended?  dowhward~br  sunk  into 
the  granite  from  the  former  capping  of  pre-Cambrian  rocks  unac- 
companied by  the  associated  graphitic  gneisses  or  bine  quarts!  tes. 
It  may  be  that  the  Hinsdale  troeias  as  it  extended  east  became  more 
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has  occurred  along  a  line  of  faulting  has  had  much  to  do  with  the 
complexity  of  the  result.  A  detailed  description  of  all  the  minerals 
mentioned  is  given  in  the  mineral  lexicon  of  Berkshire  County.1 

First  stage:  A  f  ragmen  tal  limestone.  Result  of  vital  forces  and  transporta- 
tion. The  bed  was  at  first  presumably  an  accumulation  of  animal  re- 
mains First  calclte. 

Second  stage :  A  crystalline  limestone.  Result  of  circulating  carbonated  waters 
with  heat  and  pressure.  In  Its  least-changed  state  the  bed  Is  now  highly 
crystalline ;  It  has  recrystalllzed  many  times  in  every  part  Second  calclte. 

Third  stage: 

(a)  At  East  Lee.   Chondrodlte-phlogoplte  limestone,  with  much  cllnochlore, 

coccollte,  and  graphite.  Result  of  circulation  of  heated  waters 
carrying  silica  and  fluorine.  Characterized  by  very  basic  mag- 
neslan  fluoslllcates. 

(b)  At  Otis.  Pyroxene- werneiite-titanlte  limestone.  Result  of  more  Intense 

dynamic  and  thermal  activity  along  fault  planes  and  the  circulation 
through  the  limestone  of  heated  waters  containing  fluorine,  chlorine, 
and  titanium  compounds.  Characterised  by  graphite,  green  and 
white  pyroxene,  stout  black  hornblende,  great  blocks  of  wernerite 
and  chalcedony,  opalescent  orthoclase  (loxoclase),  alblte  in  great 
masses  and  inclosing  salite  and  calclte,  and  pink,  white,  and  gray 
calclte  In  coarse  crystals  Third  calclte. 

(c)  At  New  Marlboro  and  Norfolk.  A  limestone  containing  the  minerals 

of  substage  b,  with  wernerite  replaced  by  spinel  and  nickeuferous 
pyrrbotlte.    Characterized  by  abundant  aluminous  silicates,  which 
may  perhaps  be  derived  from  clayey  limestones;  the  chlorine  may 
nave  come  from  the  ancient  sea  in  which  the  sediments  gathered,  and 
the  graphite  from  the  organic  remains.  The  abundant  titanic  acid- 
was  probably  brought  Into  the  limestone  from  without,  and  the  same 
may  be  true  of  the  aluminum  silicates. 
Fourth  stage:  The  mortised  rock.    Extensive  pseudomorphlc  replacement  of 
alblte  by  quart*  (which  retains  the  twin  stria tion  and  pearly  luster  of  the 
alblte),  without  affecting  the  Inclosed  salite;  then  resorption  of  saute, 
•a,    leaving  large  square  mortise  boles  one-half  to  three-quarters  of  an  inch 
AA,  juare  and  several  Inches  long ;  the  dissolved  salite  went  to  the  formation 
,->   of  actlnollte,  which  lncruata  the  remains  of  the  salite.1  Result  of  continued 
action  of  silica  solutions  under  changing  conditions  of  heat  and  pressure. 
.Fifth  stage:  Quarts-  inclosing  actlnollte.  Also  extensive  development  of  large 
biotlte  crystals  in  veins  in  which  the  crystals  are  greatly  crumpled  by 
. .  crystal  growth  or  by  'later  movements  on  the  fault.  Result!  of  sOIea  solu- 
tions at  lower  temperature.  -a  f'  ur*<  V 
Sixth  stage:  Zeolltlsatlon.  Formation  of  scoledte  by  the  decomposition  of 

wernerite.  The  formation  of  actlnollte  continues. 
Seventh  stage:  Zeolltlcation  continued.   Development  on  the  earlier  scoledte 
i  ■  'of  heulandlte,  stilblte,  scoledte,  laumontlte,  and  calclte.   Extensive  forma - 
tine  of  Jasper  Inclosing  fragments  of  •artier  sulfates.   Result  of  wans 

waters  and  long  t1""»  ,  Fourth  calclte. 

Eighth  stage:  Decomposition  and  hydration.   Jeffertslte  from,  biotlte;  kaolin 
from  feldspar';  solution  of  calclte  and  etching  of  crystal  faces.  Formation 
of  chalcedony  Inclosing  jasper.  Effect  of  atmospheric  waters  and  moderate 
.  <-ij  tlsilllstody*  'j*?!p«*siiWi^t^^  *Ar*S 

»U.  8.  G*oL  BorMj  BulL  W,  18»B. 

^yUKlHirWiXtlX).  ft.  OmT.  Surrey  Ball.  Vlt, ' Eh  ftsraVW^IMS  *****  vNvs 
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WASHINGTON  ONEE8S. 

The  remaining  formation  of  the  Archean  sedimentary  series— the 
Washington  gneiss,  named  for  its  recurrence  at  Washington,  Berk- 
shire County — is  distinguished  from  the  Hinsdale  gneiss  by  the 
absence  of  limestone  and  the  abundance  of  blue  quartz.  It  was 
originally  in  large  part  an  arenaceous  formation.  Quartzites  are 
abundant,  though  they  are  largely  disguised  by  the  development 
of  coarse  blotches  of  biotite  and  a  moderate  amount  of  feldspar. 
The  formation  is  everywhere  characterized  by  the  large  quantity  of 
secondary  lavender^blue  quartz  in  films  and  layers,  as  much  as  an 
inch  thick,  among  which  the  original  granular  quartz  almost  dis- 

aPTh?cause  of  the  blue  color  of  the  quartz  may  be  explained  as  due  to 
strain.  The  quartz  is  free  from  ^closures  that  might  have  caused 
the,  color,  and  this  color  is  lacking  along  certain  bands  in  the  thin 
section,  and  in  polarized  light  these  bands  are  seen  to  have  been 
brecciated,  thus  relieving  the  strain  and  discharging  the  color. 

CONDITION  OF  THE  REGION  IN  W-CAMBBIAN  TIM*, 

The  highly  quartzose  layers  in  the  central  portion  of  the  area 
mapped  as  Washington  gneiss  suggest  the  accumulation  of  sand 
on  some  shallow  sea  bottom,  and  the  intercalated  hmestone  beds  in 
these  layers  indicate  the  advent  of  deeper  water  and  marine  We. 
The  water  seems  to  have  deepened  mote  continuously  toward I  the 
east,  for  the  Umestones  thicken  in  that  direction  and  extend  farther 
east  than  the  quartzites.  The  increase  of  aluminous  silicates,  graph- 
ite, and  sulphide*  toward  the  south  hri-tntes  an  extensive  accumu- 
lation of  muddy  sediments  loaded  witk  carbonaceous  matter  m  that 
direction.  This  anticipated  to  some  extent  the  conditions  under 
which  the  Carboniferous  rocks  of  cental  Ma^usetts  were  laid 
down.  Indeed,  the  pre-Cambrian  graphitic  and  fibrohtac  e^*f** 
which  extend  into  Connecticut  from  Hew  Marlboro  and  Sandisfleld 
bear  a  striking  resemblance  to  the  Oarbomferous  fib^^T 
graphitic  schists  which  extend  into  Connecticut  from  Worcester 
Coonty.  The  c»tr*f*r  are,  however,  equally  striking,  We  can 
only  partly  decipher  the  snewoa  of  the  deposit*  of  these  ancient 
seas  and  can  have  no  knowledge  of  their  original  limits.  The  basal 
Cambrian  c«iglom^ni.aJnW...a  gradnal  advance  of  ti»  waters 
over  an  exposed  and  in***}**  andjaerefore  deeply  eroded  surface 
of  the  pre-Cambrian  r©A2?>^  .  ->, "  _    ,  ,"iu 

The  sedimentary  pre-Cambrian  beds  have  suffered  profound  mtete- 
morphism  and  have  been  smothered  in  the  greet  maaa  of  the  absent 
highly  mineralized  granite*.  Great  pressure  has  then  mashed  them 
both  together  and  deWoped  the  blue  fjnartz  everywhere  » them,  and 
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then  the  granitic  magmas  have  soaked  the  bedded  rocks,  especially 
the  limestones,  with  new  minerals. 

By  these  processes  the  first  four  of  the  above-mentioned  stages  in 
the  change  of  the  limestone  to  coarse  chondroditic  marble  have  been 
brought  about.  In  the  later  stages  the  continued  effect  of  the  fold- 
ing and  mashing  of  the  combined  sedimentary  and  plutomc  rocks 
is  manifest,  and  a  new  form  of  change  appears  as  a  consequence  of 
long  and  deep  erosion,  resulting  in  the  production  of  hydrated  min- 
erals and  oxides  and  the  development  of  an  old  and  irregular  land 
surface,  over  which  the  waters  spread  and  gathered  the  pebbles  of 
blue  quartz,  aplite,  and  granite  for  the  Cambrian  conglomerates. 

AXGONKIAN  (P)*  BOCKS. 

GENERAL  FEATURES. 

The  central  and  oldest  pre- Cambrian  formation  of  eastern  Massa- 
chusetts—the Northbridge  granite  gneiss— is  tentatively  assigned  to 
the  Archean  and  is  described  among  the  igneous  rocks  on  pages 
155-156.  It  is  believed  to  be  of  the  same  general  age  as  the  Archean 
of  western  Massachusetts. 

The  eastern  pre-Cambrian  stratified  series  rests,  apparently  un- 
conformably,  upon  the  Northbridge  granite  gneiss,  and  has  been 
variously  designated  as  of  Cambrian,  Huronian,  and  Algonkian  age. 
The  argument  for  its  assignment  to  the  Cambrian  is  stated  for  the 
Bhode  Island  region  on  pages  26-27.1  It  is  here  tentatively  assigned 
to  the  Algonkian,  as  suggested  by  Wood  worth  and  by  CaForge, 
largely  because  it  abounds  in  volcanic  rocks,  whereas  the  Cambrian 
along  the  Atlantic  seaboard  is  generally  free  from  volcanic  rocks. 

The  supposed  Algonkian  rocks  flank  the  Northbridge  granite 
gneiss  in  Rhode  Island  and  in  JVorcester  County,  Mass.,  and  ex- 
tend northeastward  in  several  interrupted  belts  into  New  Hampshire. 
In  northeastern  Massachusetts  many  small  isolated  areas  of  the  sup- 
posed Algonkian  strata  appear  in  the  prevailing  igneous  rock* 

WOSGBSTEB  OCCXtT,  SUSS.  *;  *f  | 
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or  biotitic  Across  Uxbridge  it  is  stretched  into  ligniform  masses. 
It  occupies  nearly  the  whole  town  of  Hopedale  as  a  pure  massive 
quartzite,  and  another  area  of  this  type  extends  from  Grafton  north- 
eastward into  Westboro,  where  much  of  it  contains  many  minute 
needles  of  tremolite.  Farther  northeast,  across  Southboro,  the  lower 
beds  seem  to  be  cut  and  replaced  by  the  Milford  granite.  The  upper 
beds  are  thin,  laminated,  fine-grained,  flinty  quartzite.  The  rock  is 
in  many  places  brecciated  and  recemented  by  hematite  films. 

The  result  of  an  analysis  of  the  flinty,  flesh-colored,  finely  lami- 
nated lydite  from  the  prominent  ledge  by  the  roadside  east  of  the 
house  of  T.  a  Converse  in  Southboro  is  given  below-  It  represents 
an  abnormal  and  very  feldspathic  sediment,  unlike  the  nearly  pure 
quartz  rock  that  makes  up  the  main  part  of  the  formation.  The 
lydite  extends  across  the  middle  of  Southboro  and  forms  a  transition 
to  the  next  higher  formation,  the  Marlboro. 


Chemical  competition  of  lydite  from  Bouthboro, 
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The  Westboro  quartzite  is  the  same  is  the  "Grafton*  qaartato,1 
and  as  the  name  Westboro  has  priority  over  Grafton  it  is  *ow 
adopted  and  the  name  Grafton  is  abandoned  for  this  formation. 

jfaaiaor!  reaJOMiss.  V 

The  Marlboro  formation  is  mainly  a  daB-hlack  biotite  schist,  every 
where  weH  foliated.  In  much  of  the  rock  the  biciita  is  matted  in 
dense  layers  that  simulate  hornblende,  so  thai  spsasaess?  from  beds 
that  seem  to  be  bnrabfepdic  may  ahow  in  thin  section  »•  hornblende 
st  all  Many  layers,  however,  contain  a  little  borntUfede  sad  in 
places  grade  into  subordLoEte  feeds  yf  hrvrablende  ath\aL_£^r^^^t: 
.■The  typical  locality  is  the  kef  walVGke  outcrop  north  of  the 
main  sir«.«t  in  Marlboro,  wfe&re  spvcjbI  horisGf&il  of  cod- 
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the  muscovite  schist  adjoining  on  the  north  was  formed,  but  without 
mashing  or  shearing,  as  is  shown  by  the  only  slightly  distorted  peb- 
bles and  the  low  dip  of  the  beds.  Many  beds  of  dark,  well-foliated 
hornblende  schist  are  intercalated  with  the  biotite  schist.  Specimens 
from  these  beds  show  under  the  microscope  much  actinolite  and  mag- 
netite in  a  groundmass  of  clastic  quartz. 

RHODE  ISLAND. 
HISTORICAL  SKETCH, 

The  stiata  in  the  Blackstone  Valley  and  elsewhere  in  Rhode  Island 
that  are  here  tentatively  assigned  to  the  Algonkian  were  called 
Primary  by  C.  T.  Jackson  in  1840,  were  called  Taconic  and  compared 
with  the  Stockbridge  limestone  by  E.  Emmons  in  1846,  and  were 
classed  as  Montalban  by  Crosby  in  1880.  In  1888  Shaler  called  them 
Huronian.  In  1899  Woodworth1  referred  the  strata  in  the  Black- 
stone  Valley  to  the  Algonkian,  as  Shaler  had  done  in  1888,  because 
they  are  so  much  more  metamorphosed  than  the  red  f ossiferous 
Cambrian  shale  of  North  Attleboro  (Hoppin  slate),  4  miles  to  the 
east  He  named  the  whole  the  Blackstone  series  and  divided  it  into 
the  Cumberland  quartzites,  the  Ashton  schists,  and  the  Smithfield 
limestones.  In  the  same  publication  Foerste*  suggested  the  possi- 
bility of  the  Cambrian  age  of  the  beds,  but  noted  their  differences 
from  the  f ossilif erous  Cambrian  at  North  Attleboro. 

Li  1897  I  made  a  study  of  the  crystalline  rocks  of  the  Blackstone 
Valley  district,  in  association  with  J.  H.  Perry,  and  our  results 
were  published  in  1»07.»  We  divided  the  metamorphic  strata  into 
the  Grafton  quartzite,  including  the  Albion  schist  member,  and 
the  Marlboro  formation,  consisting  chiefly  of  schists  and  including 
the  Smithneld  limestone  member.  The  name  Grafton  guartzite  re- 
placed 'Cumberland  quartzite,"  as  the  name  Cumberland  Was  pre: 
oeeepied.  We  correlated  the  beds  of  the  Blackstone  Valley  with  the 
Cambrian  of  the  North  AtUeboro'localityy  and  explained  their  more 
erystaffine  character  by  the  fact  that  they  lie  in  a  western  zone  of 
greater  mashing,  in  which  ^  equivalents  of  they  CarbomferouB 
shake  near  Attleboro  are  changed  to1  coarse1  moactfWte  and  ottteKte 
schists,  an  alteraiion  quite  as  great  as  that  by  which  Cambrian  strata 
like  those  at  North  Attleboro  were  supposed  to  have  been  altered  to 
hornbfendic  and  chloritic  schists,  quarttite,  and  marble,*  We  also 
pointed  out  the  fact  that  the  Cambrian  strata  at  North  Attleboro  and 

•  Stafct;  N.  B,  Wood  worth,  J.  B..  too  Ftxwt*.  A-  F..  G*o\ogj  of  tte  Xai?»gai>»*tt  : 
t  t<Nl  fcriv  Ho.' A,  p.  1N,  •  •  **■'-*■  klttdA^mu 

»».  a  O«ol.  Sturex  Bnil  811.  t  V. .. * -M\ it^wt ,  '^^ttS^Vk-Jt 

•r.aukn  (Ant  Jonr.  Set,  «tt       rot'  8S,  p.  8&T.  lti*Vta«  TertflM  tMs  westward 
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the  supposed  Cambrian  at  Newport,  R.  I.,  are  of  such  chemical  com- 
position as  would  easily  permit  their  alteration  to  rocks  like  those 
of  the  Blackstone  Valley.  The  quartzite  also  resembles  the  Cheshire 
quartzite  in  minute  detail,  and,  as  already  noted  by  Emmons,  the 
Smithfield  limestone  is,  in  its  content  of  tremolite  and  white  pyroxene 
and  its  replacement  by  iron  ores,  the  counterpart  of  the  Stockbridge 
limestone.  Therefore,  although  the  assignment  of  these  strata  to 
the  Algonkian  is  tentatively  accepted,  there  is  some  justification  for 
regarding  them  as  of  Cambrian  age. 

Warren  and  Powers 1  have  described  and  mapped  in  detail  the 
rocks  of  the  Blackstone  Valley  in  Rhode  Island  and  the  region  just 
north  thereof  and  regard  the  metamorphic  strata  as  pre-Cambrian- 
The  lower  beds  are  described  as  the  Cumberland  quartzite,  the 
equivalent  of  the  Westboro  quartzite,  and  the  upper  green  schists, 
including  the  Smithfield  limestone,  as  the  Ashton  schists,  the  equiva- 
lent of  the  Marlboro  formation. 

WESTBORO  l"  8HATT0B*  ")  QUARTZITE. 

The  Westboro  quartzite,  the  lower  of  the  two  formations,  is  chiefly 
a  light,  fine-grained,  massive  quartzite  of* great  purity.  It  is  the  Cum- 
berland quartzite  of  Woodworth  and  of  Warren  and  Powers,  and  the 
Grafton  quartzite  of  Emerson  and  Perry.  The  formation  as  here 
recognized  includes  the  Albion  schist  member,  a  light-colored  Musco- 
vite schist  which  grades  into  a  little-altered  gray  phyllite. 

MARLBORO  FORMATION. 

Character  and  occurrence. — The  Marlboro  formation  consists 
chiefly  of  schists  but  includes  the  Smithfield  limestone  member.  It 
comprises  biotite  schist,  hornblende  schist,  epidote-chlorite  schist, 
actinolite  quartzite,  and  steatite,  with  intercalated  quartzite,  con- 
glomerate, and  limestone  beds,  all  for  .the  most  part  of  sedimentary 
origin.        ••  is  I-. i  h~.  •      .-A----  •♦«{*. 

Smithfield  limestone  member. — The  limestone  beds  of  the  Harris 
and  Dexter  quarries  in  Lincoln,  R  L  (formerly  a  part  of  Smithfield), 
have  long  been  known  as  the  Smithfield  limestone.  They  contain 
many  interesting  minerals,  are  of  great  economic  importance,  and 
still  sustain  a  considerable  industry.  From  them  the  village  of  Lime 
Rock  derives  its  name.  ■•  •.     ■      <  ••^:/.  «i.  1 

Other  limestone  beds,  some  of  which  are  large  and  many  of  which 
were  formerly  quarried,  occur  in  the  formation,  and  those  that  how 
remain  form  only  a  part  of  the  limestone  that  was  contained  in  the 
original  rock,  as  many  bodies  of  tremolite  rock,  soapstone,  serpentine, 
am  phi  oolite,  white  pyroxene,  and  ores  of  iron  and  copper  replace 

•  Warren.  C.  H..  and  Powers  Sidney.  G«olo*7  of  ttw  Diamond  Hlll-Cnmberlaad  dirtrtet 
to  Bbod*  Iak.na  Maaaiu-huMtU ;  GaoL  Boc  America  Bull,  vol.  3*.  pp.  46S-478, 
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former  beds  of  limestone.  The  limestone  is  generally  pure  white, 
but  some  beds  are  banded  in  dark  gray  or  tinged  yellow  with  iron 
or  pink  with  manganese,  as  if  the  rock  contained  rhodochrosite. 
The  limestones  range  from  massive  saccharoidal  marbles  of  fine  to 
medium  grain  to  rocks  laminated  by  shearing,  which  developed 
chlorite,  asbestos,  mountain  leather,  or  talc  on  the  shearing  planes. 
These  beds  are  plainly  contemporaneous  members  of  a  sedimentary 
series,  intercalated  originally  with  clayey  and  marly  layers.  At  some 
places  they  reach  a  thickness  of  150  feet  or  more,  and  their  present 
occurrence  in  isolated  long  elliptical  masses  is  due  to  faulting  and  to 
the  metamorphism  of  much  of  the  original  limestone  to  other  kinds 
of  rock.  The  limestones  are  in  part  dolomitic  and  in  part  pure  lime- 
stone. In  many  places,  especially  at  Copper  Mine  Hill,  north  of 
Sneech  Pond,  in  Cumberland,  they  have  been  replaced  by  ores  of 
iron  and  copper. 

Dana 1  originally  reported  from  Cumberland  manganese,  epidote, 
actinolite,  garnet,  titaniferous  iron,  magnetite,  hematite,  and  chal- 
copyrite.  Later  E.  S.  Dana*  copied  this  list  and  added  bornite, 
malachite,  azurite,  calcite,  apatite,  feldspar,  zoisite,  mica,  quartz 
crystals,  and  ilvaite  (yenite) ;  from  Beacon  Pole  Hill,  crocidolite ; 
from  Sneech  Pond,  chalcopyrite,  ilvaite,  wad,  molybdenite,  mag- 
netite, epidote,  and  chlorite.  The  "  crocidolite  "  cited  is  riebeckite. 
The  quartz  penetrated  by  hornblende  needles— the  Thetis  hair  stone 
of  Dr.  Jackson,  from  Calumet  Hill,  in  Cumberland—  has  been  exten- 
sively cut  as  a  gem. 

NOKTHZAflTEEN  MASSACHUSETTS. 
eZXZZAL  CKAZACTZ&. 

Except  for  the  long  curved  belts  that  extend  for  a  number  of  miles 
northeastward  and  eastward  from  Marlboro  and  Soutbboro,  the 
stratified  rocks  of  northeastern  Massachusetts  that  are  tentatively 
assigned  to  the  Algonlrian  »  occur  for  the  moet  part  in  comparatively 
cm»ll  isolated  knees  and  ovals  surrounded  by  and  included  in  Uw 
Paleoaoic  igneous  rocks,  The  areas  occupied  by  these  ^ratified  rocjo 
are  of  all  sizes,  ranging  from  those  too 
these  s  ~ 
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and  contemporaneous  intrusive  sheets  of  both  rhyolitic  and  basaltic 
lavas.  Some  of  the  schists  are  probably  metamorphosed  tufts.  All 
the  rocks  are  greatly  altered  and  most  of  them  are  completely  re- 
crystallized  and  highly  schistose.  The  schistosity  is  nearly  every- 
where parallel  to  the  original  bedding,  which  in  most  places  is  still 
easily  distinguishable.  The  beds  are,  as  a  rule,  steeply  tilted  and, 
although  there  are  many  exceptions,  there  is  a  strikingly  prevalent 
tendency  throughout  northeastern  Massachusetts,  even  in  the  smaller 
and  more  isolated  areas  of  these  rocks,  toward  a  northeast-southwest 
strike  and  a  high  northwesterly  dip.  Whether  or  not  the  beds  have 
been  overturned  can  be  made  out  at  only  a  few  places  but  that  they 
have  been  overturned  at  many  places  seems  not  unlikely. 

The  strata  are  cut,  both  parallel  to  and  across  the  bedding,  by  dikes 
of  igneous  rocks  like  those  which  surround  and  intrude  them.  The 
invading  rocks  also  include,  especially  in  some  places,  many  frag- 
ments of  the  stratified  rocks,  of  all  shapes  and  ranging  in  dimen- 
sions from  a  fraction  of  an  inch  to  many  yards.  In  very  few  places 
can  any  of  the  alteration,  of  the  stratified  rocks  be  ascribed  to  con- 
tact metamorphism,  and  manifestly  most  of  the  alteration  that  they 
now  display  was  produced  before  the  intrusion  of  the  igneous  rocks, 
as  the  schistosity  is  cut  across  in  many  places  by  the  contacts  and  the 
fragments  of  the  stratified  rocks  included  in  the  igneous  rocks  were 
clearly  schistose  before  their  inclusion.  The  metamorphism  of  the 
stratified  rocks  is  therefore  believed  to  be.  almost  wholly  dynamic 
and  to  have  been  produced  by  folding  under  great  pressure  before 
the  intrusion  of  the  igneous  rocks.  That  the  present  attitude  and 
distribution  of  the  Aigonkiaa  (?)  rocks  is  due,  however,  to  folding 
since  the  intrusion  is  shown  by  the  facts  that  the  igneous  rocks  them- 
selves have  been  deformed  and  that  both  they  and  thavAigonkian  ( ?) 
rocks  now  generally  conform  in  attitude  to  the  younger  (Carbdnifer- 
oti8)  strata  that  were  deposited  since  the  greater  part  of  the  intru- 
sions occurred  and  were  subsequently  deformed.' '  In  some  places  the 
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Then  the  whole  complex  was  again  strongly  deformed  and  finally 
was  greatly  denuded  by  erosion.  The  resulting  scattered  and 
fragmentary  character  of  the  little  that  is  left  of  the  ancient  rocks 
makes  their  interpretation  and  correlation  rather  difficult.  They 
are  regarded  as  probably  pre-Cambrian  because  they  are  so  much 
more  metamorphosed  than  the  Cambrian  rocks  of  the  region  and 
appear  to  have  been  affected  by  a  deformation  to  which  those  rocks 
were  not  subjected,  and  because  they  are  so  largely  volcanic,  vol- 
canic rocks  being  extremely  rare  in  the  Cambrian  of  the  Atlantic 
seaboard  but  fairly  common  in  the  pre-Cambrian.  On  the  other 
hand,  it  is  quite  possible  that  Cambrian  strata  which  have  not  been 
recognized  as  such  because  no  fossils  have  been  found  in  them  have 
been  mapped  as  pre-Cambrian,  but  such  rocks  are  probably  scarce. 

Because  most  of  the  presumed  Algonkian  rocks  occur  in  small, 
rather  widely  separated  areas,  their  correlation  is  difficult  and  un- 
certain, and  detailed  knowledge  of  them  has  not  reached  the  point 
where  formations  can  be  delimited  and  the  rocks  assigned  to  them 
except  in  a  very  general  way.  For  the  present  it  has  seemed  best 
to  divide  them  between  two  formations,  as  has  been  done  in  central 
Massachusetts  and  in  Rhode  Island,  and  to  use  the  same  names — 
Westboro  quartzite  and  Marlboro  formation — that  have  been  •used 
in  those  districts.  This  arrangement  is  tentative  and  is  made  purely 
for  convenience,  and  it  may  soon  be  superseded  by  another,  as  facts 
already  accumulated  indicate  strongly  that  'there  are  several  for- 
mations instead  of  two  and  that  not  all  the  bodies  of  quartzite  are 

WKBTBoao  awAarxm. 

For  the  present  all  areas  in  which  quartzite  is  sufficiently  pre- 
ponderant to  give  charjlftgr .^JM^^ye  mass  as  a  whole 
and  which  are  large  enough  to  be  mapped  are  mapped  as  Westboro 
quartzite-  The  quartzite  thai  occurs  in  several  areas  between  Fay- 
ville,  Ashland,  and  Framingham  .Center,  close,  to  toe  type  locality, 
is  pretty  surely  the  basal  formation  of  the  Algonkian  (!)  series, 
is  free  from  interbedded  volcanic  rocks,  has  the  typical  charac- 
ter of  the  Westboro  quartzite,  and  is  undoubtedly  a  part  of  that 
formation.  The  quartzite  in  Melrose,  Saugus,  and  JLynnfteld,  and 
at  least  part  of  that  in  Waltham,  Arlington,  and  Burlington, 
also  presumably  belong ,  to  the  same  formation.  Other  areas  of 
quartzite,  however,  as,  for  example,  those  in  Sudbury,  Woburn,  Ips- 
wich, Georgetown,  and  West  Newbury,  aa  well  as  part,  of  that  in. 
South boro,  Waltham,  Arlington;  and  Burlington,  differ  somewhat 
from  the  true  Westboro  m  •Rthologic  character  and  still  more  in  being; 
extensively  interbedded  with  volcanic  rocks,  .chiefly  of  rhyolitie 
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types.  In  fact,  in  several  of  the  areas  just  enumerated  volcanic  rocks 
make  up  the  bulk  of  the  mass,  which  has  accordingly  been  mapped 
with  the  Marlboro  formation.  As  the  structural  relations  are  being 
worked  out  in  greater  detail,  indications  are  becoming  more  numerous- 
and  definite  that  the  quartzite  interbedded  with  volcanic  rocks  is  not 
part  of  the  Westboro  but  constitutes  a  later  formation.  It  appar- 
ently forms  the  upper  part  of  the  Marlboro  formation  as  that  format 
tion  has  been  mapped  in  northeastern  Massachusetts,  and  perhaps 
overlies  the  true  Marlboro.  This  conclusion  gains  support  from  the 
relations  discovered  by  F.  J.  Katz  in  Portsmouth  and  Rye,  N.  H. 
where  the.  counterpart  of  the  Marlboro  formation  overlies  a  gray- 
wacke  without  volcanic  rocks  and  is  in  turn  overlain  by  associated 
quartzite  and  rhyolite. 

KABXJ30BO  FOEMATIOK, 

All  the  areas  of  presumed  Algonkian  rocks  in  northeastern  Massa- 
chusetts in  which  the  rock  is  not  dominantry  quartzite  have  been  in- 
cluded in  the  Marlboro  formation  on  the  accompanying  map.  The 
formation  as  thus  mapped  includes  a  variety  of  rocks,  although 
green,  gray,  and  black  chloritio,  hornblendic,  epidotic,  and  biotitie 
schists  predominate.  Interbedded  with  these  are  many  thin  layers 
of  quartzite  and  quarta-muscovite  schist,  and,  in  places,  of  rhyolite, 
and  the  formation  also  includes  a  number  of  small  bodies  of  limestone 
and  a  few  lenses  of  conglomerate.'  Much  of  the  schist  is  of  sedimen- 
tary origin^  bat  part' ofi  it  is  clearly  bf  volcanic  origin  and '  consists 
chiefly  of  andejatic  and  basaltic  types,  and  both  porphyritie  and 
amygdaloidal  rocks  are  included  among  the  less  schistose  tariefiea. 
In  some  places  the  formation  has  been  extensively  invaded  by  nV 
tensive  sheets  of  younger  igneous  rocking'  ai  M.*i*esr«2«B*«iri 

The  terrene  mapped  e»  the  Marlboro ■formation*  m^ndrawastern1 
Massachusetts  thus  corresponds  fairly  well  in  'general  character  *fo; 
the  Marlboro  formation  of  central  Massachusetts  and  of  Rhode  Is- 
land, but  it  is  notably  more  complex,  includes  maen  more  rocV  df 
igneous  origin,  and  may  represent  a  longer  period  of  time.  'As stated 
»  the  preceding  paragraph,  tmartzite  and  rhyolite  ire  abundantly 
interbedded  in some  sections  and  -appeal  W  constitute  tne  upper  part 
of  the  formation  ar  mapped  fend  m  readty  kay  constitute  ayotmgef 
formation  than  the  Marlboro  proper.  Definite  mformafiori  nt  yet 
lacking  as  to  whetiaas  the  limestone  bodies  cccnr  4*  the5  same  flxW 
horiaonin  the  fomattoVan^Wto  '-thus  be  separated  as  *^ustiact 
member,'  and  the  sime  is  true  ef  the  conglomerates  anS  of  some  bf  *hV 
scUste.**^^ therefore  poembte  'that'  th*'  foifeatf^  a^'%a»JM 
northeastern  Massachusetts*  may  eventually  be  broken'  ud  into '  ser  era! 
formations.  ■  :  &&whhi£i^r*ii  jrftiaK*  ttcnsfro?* 
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CAMBRIAN  SYSTEM. 
WESTEKN  MASSACHUSETTS. 
FORMATIONS  IN  THB  AREA. 

'  The  Cambrian  strata  of  western  Massachusetts  coinyruse  three 
formations— at  the  base  is  the  schistose  Dalton  formation,  including 
in  places  a  gneissoid  conglomerate,  which  rests  in  marked  uncon- 
formity on  the  deeply  eroded  pre-Cambrian  rocks;  in  the  middle  a 
thick,  granular  quartzite,  the  Cheshire  quartzite;  and  at  the  top  a 
thick  mass  of  crystalline  limestone— the  lower  part  of  the  Stock- 
bridge  limestone.  The  first  two  formations  extend  much  farther 
eastward  than  the  Stockbridge  limestone  over  the  pre-Cambrian  rocks 
of  the  Green  Mountain  district. 

DALTON  FORMATION. 

At  some  places  in  western  Massachusetts  the  lowermost  Cambrian 
strata  consist  of  gneissoid  conglomerate  having  a  maximum  total 
thickness  of  600  or  700  feet  The  pebbles  are  chiefly  quartz — black, 
blue,  and  commonly  white— but  a  few  are  feldspar  or  gneiss.  They 
are  5  to  100  millimeters  long,  are  uniformly  well  rounded,  and  are 
arranged  by  longest  diameters  in  one  direction.  At  some  places  they 
are  flattened  parallel  to  a  common  plane  into  rather  broad  sheets, 
and  at  one  place  round-edged  plates  of  quarts  measuring  160  by  100 
by  10  millimeters  were  observed.  The  pebbles  are  generally  inclosed 
in  a  large  amount  of  matrix,  which  is  altered  to  mica  schist  or  mica- 
ceous quartzite  by  the  development  of  muscovite,  and  in  some  speci- 
mens many  tourmaline  crystals  are  scattered  through  the  matrix 
or  incrust  the  surface  of  the  pebbles,  commonly  in  radiating  groups. 

This  conglomerate  is  continuous  sad  can  be  traced  for  miles  across 
pjggdaja  and  into  Washington.  It  is  best  exposed  st  the  site  of 
the  former  Dalton  clubhouse,  on  the  high  hill  south  of  Dalton  station, 
in  ths  open  pasture  farther  south,  and  on  the  southeast  to  the  new 
lookout  tower.  This  section  was  formerly  thought  to  prove  the  transi- 
tion of  Dalton  to  Becket.  The  conglomerate  here  is  so  beautifully 
distinct,  the  matrix  is  so  completely  changed  to  muscovite  schist,  and 
the  unconformity  with  the  underlying  pre-Cambrian  rooks  is  so  well 
exposed  that  the  locality  is  ths  hfwt  in  a^assaohnsstts  for  s  stuctT  o. 
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f      ,   •  i  .  and  has  generally  changed  to  a  thin-fissile,  light-colored 
schist  in  which  the  muscovite  is  generally  a  greasy  hydrated 
,.  Minute  black  or  brown  needles  of  tourmaline  are  invariably 
nt  in  the  rock  clear  across  the  State  and  are  characteristic  of 
,  lower  division  in  places  where  all  traces  of  pebbles  have  disap- 
eared.  This  is  the  more  remarkable,  as  tourmaline-bearing  granites 
of  post-Cambrian  age  are  rare  in  Berkshire  County,  though  I  have 
found  in  Sandisfield  one  or  two  small  veins  which  may  be  post- 
Cambrian,  full  of  large  crushed  needles  of  tourmaline.  Extensive 
batholiths  of  granite  may  be  concealed  beneath  the  Cambrian  area.- 
A  little  farther  east  such  batholiths,  rich  in  tourmaline,  are  exposed, 
and  still  farther  east  they  become  predominant  even  in  areas  west  of 
Connecticut  River. 

A  mile  north  of  Hinsdale  station,  in  the  east  wall  of  the  long  rock 
cut  on  the  railroad,  the  same  Cambrian  sericite  gneiss,  although  en- 
tangled in  a  warped  and  overturned  syncline  and  most  highly  meta- 
morphosed and  contorted,  contrasts  strikingly  with  the  equally 
crushed  Becket  biojite  granite  gneiss  in  the  west  wall,  of  pre-Cam- 
brian age,  which  contains  beds  of  amphibolite.  The  contact  is  at  a 
break  in  the  wall  leading  to  a  fine  spring.  ^-i^J^^HK 

One  of  the  best  places  to  study  the  series  from  the  blue-quarts 
gneiss  up  to  the  Cheshire  quartzite,  and  especially  the  relations  of 
the  Dalton  formation  to  the  pre-Cambrian  gneiss  and  the  transition 
of  the  conglomerate  gneiss  into  the  sugary  tourmaline  quartzite,  is 
in  the  northwest  corner  of  Washington,  where  s  blind  road,  not 
shown  on  the  topographic  map,  runs  north  from  a  schoolhouse  to 
the  house  of  H.  C.  Congdon.  The  blue  quartz  here  is  extremely 
abundant  and  of  rich  color.  AUanite  is  present,  and  parts  of  the 
ledges  near  the  barn  and  spring  are  crushed  into  a  granulite,  which 
can  be  distinguished  as  pre-Cambrian  only  by  its  association  with 
other  pre-Cambrian  rocks  and  by  its  position  below  the  Cambrian. 
On  the  west  the  blue-quartz  gneiss  is  covered  unconfonnably  by  a 
fine  muscovitic  conglomerate  gneiss,  which  is  more  gneissoid  farther 
up  from  the  base,  and  where  a  wood  road  crosses,  the  brook  it  be- 
comes a  slightly  muscovitic  tourmaline-bearing  quartzite-  Next  west, 
and  the?  bicker  up  in  the  series,  appears  a  fine,  white,  massive 
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Composite  aiwlytit  of  gncitt  from  the  Dalton  formation. 

IB.  C.  Well*,  analyst.] 
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CHESHIRE  QUART Zm.. 

The  Cheshire  quartzite  is  a  granular  quartz  rock  of  very  massive 
habit,  rather  fine  and  even  grain,  and  colorless  or  slightly  iron-tinted. 
It  is  extensively  used  for  making  glass.  In  places  it  is  very  fcld- 
spathic,  and  by  the  decomposition  of  the  feldspar  becomes  regularly 
porous,  so  that  it  was  formerly  used  as  a  buhrstone.  The  feldspar 
washed  out  of  it  forms  small  beds  of  very  pure  kaolin.  The  quartz- 
ite rises  above  the  valley  in  picturesque  cliffs,  as  in  Monument 
Mountain.  Great  trains  of  bowlders  of  this  rock  have  been  carried 
down  the  Deerfield,  Westfield,  and  Farmington  valleys  into  the  Con- 
necticut Valley,  and  many  of  these  bowlders-  are  marked  by  con- 
choidal  cracks  about  2  inches  long,  Which  are  apparently  due  to  the 
action  of  the  glacial  ice,  as  they  do  not  exis£  in  the  parent  ledges. 
The  formation  was  named  from  Cheshire,  Mass.,  at  and  near  which 
it  is  found  in  typical  form. 

tlwimfcEi,  si  evrd  snsnp  9fIT  -  aiol^rn^  ;D  JHkSo  sSa:od  ndi 
siiJ  \o  vtim  hoc  t3/jy*ixx;KBRnxa iJMEsioins.       i0  hiia  4rut ' 

The  Stockbridge  limestone  is  the  great  valley  formation.  It 
ranges  from  a  gray  mottled  limestone  to  a  white,  highly  crystalline 
marble,  which  is  at  some  places  very  coarse  grained.  Chemically'lt 
ranges  from  pure  calcite  to  dolomite,  but  the  doiomi tic  phase  is 
dominant.  It  is  generally  crowded  with  many  secondary  mimrftta, 
especially  colorless  varieties  of  the  hornblende  and  pyroxene  series— 
tremoEte  and  canaanite.  Toward  the  west  it  grades  into  beds  that 
contain  fossils  of  Lower  Cambrian  and  Trenton  (Middle  Ordovi- 
cian)  age;  toward  the  east  it  grades  downward  in  places  into  the 
Cheshire,  quartzite,  as  in  Cheshire  and  Monterey.  It  is  quarried  for 
local  use,  and  the  great  quarries  on  it  in  Lee  have  yielded  much 
marble  for  public  buildings  in  Washington,  D.  C,  and  other  large 
cities.  In  the  detailed  description  of  the  Ferncnff  in  LeeThave 
mentioned  subordinate  beds  :of  quartzite  in  the  Stockbridge.1  The 
formation  was  named  from  the  Stockbridge  ValK^r  t^*"*3 

>  U.  R.  Goal.  Surrey  Bull.  186,  p.  86,  1609.  
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IRON  ORES  OF  THE  RICHMOND  DISTRICT. 

In  the  western  part  of  the  Stockbridge  Valley,  in  Richmond,  West 
Stockbridge,  and  Lenox,  there  are  many  deposits  of  limonite  like  those 
at  Salisbury,  Conn.  These  deposits  have  been  mined  for  175  years, 
and  the  charcoal  iron  obtained  from  them  is  still  valued  for  making 
car  wheels,  though  only  the  Cone  mine  in  Richmond  has  been  worked 
recently.  The  deposits  lie  near  the  junction  of  the  Ordoviciari 
Berkshire  schist  and  the  Stockbridge  limestone  and  skirt  the  high 
ground  of  Mount  Washington.  They  are  formed  by  the  replacement 
of  portions  of  the  Berkshire  schist  or  the  Stockbridge  limestone  by 
solutions  derived  probably  from  the  overlying  schists,  which  have 
changed  the  schist  into  limonite  and  the  limestone  into  limonite  and 
an  impure  siderite.1 

EASTERN  MASSACHUSETTS. 
OCCURRENCE. 

Fossiliferous  strata  of  Cambrian  age  are  found  at  four  places  in 
eastern  Massachusetts.  Lower  Cambrian  fossils  are  found  at  all 
four  places  and  Middle  Cambrian  fossils  at  one  of  the  four.  No 
Upper  Cambrian  rocks  have  been  found  in  place,  but  a  few  Upper 
Cambrian  fossils  have  been  collected  from  glacial  bowlders  of  un- 
known origin  and  many  pebbles  of  fossiliferous  Upper  Cambrian 
cmartzite  have  been  found  in  the  Carboniferous  Dighton  conglomer- 
ate of  the  Narragansett  Basin. 

Of  the  four  localities  indicated,  two  are  on  the  borders  of  the  Bos- 
ton Basin  (of  Carboniferous  rocks),  one  on  the  north  side  and  the 
other  on  the  south  side  of  Boston  Bay,  and  the  other  two  are  in  the 
northwest  corner  of  the  Narragansett  Basin  (also  of  Carboniferous 
rocks).  All  these*  Cambrian  beds  are  completely  surrounded' by 
younger  rocks,  and  no  traces  remain  of  the  floor  on  which  they  were 
deposited.  They  owe  their  preservation  to  the  fact  that  some  are 
huge  inclusions  in  an  igneous  mass  and  others  are  the  lower  parts  of 
down-folded  or  down-faulted  masses  that  have  not  been'  wholly  re- 
moved by  erosion.  ATI  contain'  marine  fossils,  and  their  distribution, 
together  with  the  widespread  occurrence  of  fossiliferous  Cambrian 
bowlders  and  pebbles,  seems  to  indicate  that  a  considerable  pari  of 
southeastern  New  England  was  covered  by  the  sea  daring  most  if  not 
all  of  Cambrian  time,  and  that  Cambrian  strata  were  once  widely 
spread  over  the-  iiiJliil|^^^$j>'l!|tfl'  i  rnj'Mftftiiifl'  ^Tfiliiii'^ilj 'faif'.^''1. 

The  Cambrian  fossils  of  eastern  Massachusetts  have  been  treated 
with  great  fullness  by  Grabau  in  Crosby's  paper  on  the  "  Blue  Hills 
complex," *  where  he  gives  the  following  table : 

"  Hobba,  W.  H..  The  Iron  ana  o<  the  Salisbury  district  of  Counsel  lent,  *Naw  Tort.  cod. 
Masnachnserta  i  Boon.  Geology.  mtftj  y  Hit  jtUff  fofe     '"fe*ffc* "Vr?  i;'  ftf***"1  -' 

*  Graban,  A.  W.,  Paleontology  of  tne  Cambrian  terranee  of  the  Bo»  ton  Baric :  Boaton 
Hoc.  Nat.  Hist,  Occasional  Paper*  IV,  vol.  1,  pt.  3,  pp.  401-604,  pi*.  Sl-80,  WO. 
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Distribution  of  Cambrian  fossils  of  eastern  Massachuf  Us. 


Class. 

Lower  Cambrian. 

Middle  Cambrian. 

•■  1 
3 

S 
• 

11 
14 
1} 

1 
1 

2 
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•  From  pebbles  and  bowlders  only. 


Only  those  rocks  have  been  mapped  as  Cambrian  that  have  yielded 
fossils  or  that  are  so  closely  associated  in  position  with  and  are  so 
closely  similar  lithologically  to  the  fossiliferous  rocks  that  their 
Cambrian  age  is  highly  probable.  As  has  been  stated  in  the  descrip- 
tion of  the  presumed  Algonkian  rocks,  it  is  quite  possible  that  some 
of  the  quartzite,  lydite,  and  limestone  that  have  been  mapped  with 
the  Algonkian  (?)  rocks  may  be  of  Cambrian  age,  especially  some  in 
Essex  County,  where  small  areas  of  rocks  that  are  lithologically  very 
similar  to  the  fossiliferous  Cambrian  rocks  have  hitherto  been  rather 
generally  regarded  as  Cambrian,  and  were  so  mapped  by  Sears.1 
Obscure  fossils  reported  by  Sears  from  several  places  in  Essex 
County  were  identified  as  Cambrian,  but  the  identifications  have  not 
been  confirmed  and  their  age  is  still  doubfcfuL  Some  of  the  rocks 
from  which  Sears  reported  fragments  of  Lower  Cambrian  pteropods 
are  now  known  to  be  much  younger,'  and  if  he  was  not  mistaken  in 
his  identifications  the  fragments  must  have  been  redeposited  after 
erosion  from  Cambrian  strata. 

HOPPTJf  SLATS.  . 

The  Lower  Cambrian  strata,  in  the  Narraganaett  Basin/ which 
are  mapped  under  the  name  Hoppin  slate,  are  exposed  at  two  locali- 
ties. One  of  these,  from  which  the  formation  is  named,  is  at  Hoppin 
Hill,  North  Attleboro.  Here  the  beds  outcrop  at  several  places 
about  the  base  of  the  hill,  especially  in  fhe  valley  of  a  br  ^  '■< r-t 
east  of  the  hill.  The  other  locality  i*  in  Wren th am,  half  a  sc<  ;th 
of  West  Wrentham  village,  just  north  of  the  Rhode  Island  b  *  index*. 
The  Cambrian  fossils  at  Hoppin  Hill  were  first  described  by  Shaler 
and  Foerste  *  and  later  in  detail  by  Foerste.*     >'x  ■■ 

The  rocks  consist  chiefly  of  red  shale  or  slate,  with  larv-trs  *:  a 
nodules  of  white  limestone,  overlying  greenish  dkaJe\<&t\fkte.  b*- 
neatb  which  is  a  basal  white  quartzite.  They  are  not  greath'  »1tered. 

■Pears,  J.  IL,  The  pbjrslcs!  geography,  ftok>u,  mlaert\ofj,  «a4  p*lf>v\otap)  of 
Outr,  Uw,  1906. 

•  8h*J«r,  H.  a ,  urf  FWsU,  A.  F.,  PnUaaiaar?  4a*criptlos  of  Xott*  t  tritSijUi  f««n.n» : 
Mumri  CoB.  Mno.  Com  p.  Boat.  BolL.  is*.  IS,  No.  3,  p.  ST,  MSBr  i**  '  <,  • 

*  Foerste,  A.  Wm  Geology  «*  the  Hli  I  S|>— <l  neila .  0.  S.  GeoL  linf  ;»-b  £S 

p.  see.  ism. 
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The  fossils  are  found  mainly  in  the  limestone  and  red  slate  and  are 
fairly  abundant  in  some  ledges  along  the  brook  above  mentioned. 
They  ccasist  principally  of  pteropods  and  trilobites,  with  one  or  two 
brachiopods,  and  form  a  characteristic  Olenellus  or  Lower  Cam- 
brian fauna. 

In  both  localities  the  beds  dip  steeply  toward  the  neighboring 
granite.  The  relation  of  the  two  rocks  was  long  in  doubt,  but  that 
the  granite  is  younger  now  seems  certain.1  In  several -places  about 
Hoppin  Hill  the  Cambrian  beds  are  overlapped  unconformably  by 
strata  of  the  Wamsutta  formation  of  Carboniferous  age.  The  base 
of  the  Cambrian  strata  is  not  exposed  in  the  district  and  their 
thickness  is  unknown,  but  is  probably  not  less  than  600  feet. 

WEYMOUTH  FORMATION. 

Fossiliferous  strata  of  Lower  Cambrian  age  are  exposed  at  two 
places  on  the  margin  of  the  Boston  Basin — Weymouth  and  NahanL 
At  Weymouth,  from  which  town  the  formation  is  named,  the  beds 
outcrop  north  of  Mill  Cove,  where  fossils  were  discovered  by  Foerste 
in  1889,  and  east  of  the  cove  where  fossils  were  discovered  by  Burr 
in  1899.*  The  fauna  is  somewhat  different  at  the  two  places,  but  at 
both  it  is  characteristically  Lower  Cambrian.  The  localities  are 
described  in  detail  by  Crosby,*  and  the  fossils  are  discussed  by 
Grabau  in  the  same  publication.  At  Nahant  the  formation  is  ex- 
posed in  three  or  four  small  masses,  of  which  the  largest  and  best 
known  is  at  East  Point.  Fossils  were  noticed  there  by  A  gaunt  as 
long  ago  as  1851,  but  the  species  were  not  identified,  and  their  age 
was  not  determined  until  they  were  studied  by  Foerste  in  1889/ 

At  Weymouth  the  formation  consists  of  reddish,  brownish,  and 
-  greenish  cherty  slate,  with  greenish  epidotic  and  calcareous  lenses 
and  nodules  and  thin  beds  of  white  limestone.  At  Nahant  the  beds 
are  cherty  greenish  slate  and  gray  lydite  and  a  few  layers  of  white 
limestone.  Only  a  lew  feet  of  the  formation  is  exposed  at  Nahant, 
the  strata  apparently  being  large  inclusions  in  the  great  mass  of 
gabbro  that  makes  up  the  peninsula,  though  possibly  that  mass  is  a 
deformed  sill  or  laccolith,  of  which  the  Cambrian  strata  exposed  are 
the  remnants  of  the  floor  and  roof.  At  Weymouth  the  strata  appear 
to  be  folded  with  the  overlying  Braintree  slate,  bat  the  drift  cover  is 
so  general  that  the  relations  are  concealed  and  the  thickness  of  the 
beds  can  not  be  determined;  ^W**  f&^K^M'^ri 

Tr  TVCrt,  i'-i,.  J  Mm  ...«*ttt:  OfdS-  Sac  A  intra  BriU  *©L  *».  p.  <<#. 

•Harr,  H.  1  .  a  *t «  >«ver  Cunhr^r.  ta.nas>  tram  osjt**n  MT«**"h  n  U*  •  Ajn.  Otoh- 
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BRAIN  TREE  SLATE. 

Beds  containing  Middle  Cambrian  fossils  are  exposed  in  the 
valleys  of  Ruggies  and  Hayward  creeks,  in  Quincy,  in  the  valley 
of  Monatiquot  Brook,  in  Braintree,  from  which  town  the  formation 
is  named,  and  about  the  shores  of  Fore  River,  in  Braintree  and  Wey- 
mouth. Strata,  of  similar  lithologic  character,  in  which  no  fossils 
have  been  found,  crop  out  at  several  places  along  the  north  base  of 
the  Blue  Hills  in  Quincy  and  Milton  and  are  mapped  with  the 
formation. 

The  old  quarry  on  the  south  bank  of  Hayward  Creek  is  one  of  the 
classic  localities  in  American  paleontology,  Middle  Cambrian  fos- 
sils having  been  discovered  there  by  Rogers  in  1856. 1  Since  then 
many  fossils  have  been  obtained  from  that  quarry  and  from  other 
places  in  the  neighborhood  and  the  fossils  have  been  thoroughly 
studied.  The  character  and  relations  of  the  rocks  have  been  de- 
scribed in  detail  by  Crosby  and  the  fossils  have  been  described  by 
Grabau  in  the  work  on  the  "  Blue  Hills  complex,"  already  referred  to. 

The  rocks  are  dark-gray  to  black  carbonaceous  slates  and  dark- 
gray  lydite,  with  a  few  calcareous  and  epidotic  layers  and  nodules. 
Near  the  contacts  with  the  Quincy  granite  they  have  been  some- 
what altered,  in  most  places  to  schist  containing  abundant  almost 
microscopic  garnet.  Near  their  known  contacts  with  the  Dedham 
granodiorite — all  fault  planes — the  strata  have  been  greatly  squeezed 
and  sheared  and  altered  to  bright-red  phyllite  and  mica  slate,  in 
which  almost  all  trace  of  the  original  bedding  has  been  obliterated. 
The  fauna,  though  sparse,  is  a  characteristic  Paradoxides  or  Middle 
Cambrian  fauna  and  fixes  the  age  of  the  beds  beyond  doubt. 

The  Braintree  slate  appears  to  overlie  conformably  and  to  be 
folded  with  the  Weymouth  formation  in  Weymouth.  All  its  other 
contacts  are  with  younger  rocks— on  the  south  it  is  faulted  against 
and  possibly  in  one  or  two  places  intruded  by  the  Dedham  grano- 
diorite; on  the  north  it  is  overlapped  unconformably  by  the  Rox- 
bury  conglomerate;  on  the  east  it  is  probably  faulted  against  the 
Roxbury;  and  on  the  west  it  is  extensively  intruded  by  and  at 
places  included  in  the  Quincy  granite.  Its  thickness  is  unknown 
but  is  at  least  1,000  feet 

Probably  other  areas  of  Middle  Cambrian  rocks  in  the  Boston  dis- 
trict are  covered  by  drift  or  submerged  beneath  Boston  Bay,  for 
fossiliferous  bowlders  have  been  found  on  some  of  the  beaches 
about  the  south  shore  which  could  hardly  by  any  possibility  have 
come  from  the  areas  where  the  beds  are  exposed.  Bowlders  of  rock 

>  Boeere,  W.  B.,  DUeorwy  of  Paleoaolc  foa»tJ»  1b  eastern  Muxachnsutts :  Am.  Jour, 
Set,  std        vet,  ax,  p.  296,  18SS.  .^i^fi«^«l^gn^Slji^BBlfflWliMlv< 
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in  all  respects  like  the  Braintree  slate  except  that  they  do  not  con- 
tain fossils  havebeen  found  on  Little  Nahant,  not  far  from  one  of 
the  exposures  of  the  Weymouth  formation,  and  presumably  they 
were  brought  by  the  ice  from  some  locality  beneath  Lynn  Harbor  or 
the  Saugus  marshes.  It  is  also  interesting  to  note  that  a  bowlder 
found  at  East  Braintree  contained  five  Middle  Cambrian  and  two 
Lower  Cambrian  fossils.1 

TJPFEB  CAMBRIAN.     '~'  ™k'-i«  «: 
'•       .    '    -    S'ajfT*  ■     •  I  .  _ -.;  i«1  bsdnkl  ;io:Ji;;;r 

No  strata  containing  Upper  Cambrian  fossils  have  been  found  in 
place  in  eastern  Massachusetts,  but  in  the  Carboniferous  Dighton 
conglomerate  in  the  Narragansett  Basin  many  quartzite  pebbles, 
some  of  great  size,  have  been  found  that  contain  Upper  Cambrian 
fossils.  The  pebbles  increase  in  size  and  number  toward  the  south-, 
east,  which  seems  to  indicate  a  source  on  that  side  of  the  basin,  but 
if  Upper  Cambrian  strata  ever  existed  in  southeastern  Massachu- 
setts they  were  long  ago  completely  removed  by  erosion  or  jthey 
are  buried  beneath  the  glacial  drift  and  Coastal  Plain  deposits  that 
occupy  the  entire  surface  above  sea  let  el  southed  of  a  line  drawn 
from  Manomet  to  Buzzards  Bay.  Pebbles- of  the  same  s««t  are 
found  in  the  drift  on  Marthas  Vineyard,  but  they  were  probably 
brought  by  the  ice  from  some  of  the  areas  of  Dighton  conglomerate 
and  thus  have  been  transported  twice  before"  reaching ;  the  beds  in 
which  they  are  now  found. 

*«u;Iq  rami  m  .iiuSf^yW^r^WfeP^  teafe*  —eocH  odT 

■  fTOG^Piw^  LDOBTpS^  (EOTW;.?*^ 

'  As  stated  under  threading  "  Cambrian  system,1'  the  upper  parixf 
the  Stockbridge  limestone  is  of  Ordovician  age,  Trenton  fossils  hav- 
ing been  found  in  i£  :ln  certain  areas  to  the  north.  The  formation  is 

described  on  page  8t,  in  connection  with  the  Cambrian  rocks. 

''!ii?r>y'iq  spu  Erfr>rJf:rK7ol  cwj  sn1  arts  ja9woI  -jrli  a  isidis  sudsjrisa. 

'-"•CL^ntv^r  vo  'b&^mmpAssBBtM^Mbk^^in^iti'fivp^  fl&q  of  teas!  is 
^•^lonTi'uff inrft  TliftnfifwWm? frof  bcrn^r  oi'forr  r»*^4uj!iJ  .^jftor>fx  9nJ  dssixoftJjfc 
The  Berkshire  schist  is  an  extensive  slaty  iormation,  which:  in  its 
western  parts  in  New  Yprfcia  chafr^terized  by  the  presence  of^  Upper 
Ordovician  fossils  and  in  its.  eaiteni_parts_  becomes  a  complete  mica 
schist,  with  garnet,  staurolite,  and  tourmaline,  and  so  much  feld- 
spar that ..It  rorv  be  called  in  places  a  xhyt^:^/^^j^f^S^^ 
nearly  513  the  m  •untain  ridges  that  ri^from  the  lmiaston*  valfeyim 
the  western  part  yt  tb^BlW*-»^'^MnM^^J^I  4«^9J?wft« 
Berkshire  Coontt«&^'.  - -  j****^ K^1'*       •°fti*  *  *rus  ims*  m  ,~j     ,t  mmh  *  : 

  '  fla  ■•»  f 

igUmar,  H.  W„  A  Lowcr-MlMk  Cambria*  traaaltlos  taana  from  Braintree,  Haae.: 
Am.  Jour.  Set.  4th  mtn  vol.  It,  p.  176,  1907. 
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It  has  been  fully  described  by  Dale.1  Hobbs,'  nnd  Emerson,*  and 
made  the  subject  of  illuminating  articles  on  folding  and  pressure 
cleavage  by  Dale. 

BELLOWSPIPE  LIMESTONE. 

The  Bellowspipe  limestone  is  a  subordinate  impure  limestone, 
which  grades  into  the  Berkshire  schist  and  occupies  the  Central 
Hollow  of  Mount  Greylock.4  It  includes  the  quartzite  to  which 
Dale 8  in  1894  applied  the  name  "  Bellowspipe  quartzite."  The  for- 
mation was  named  for  its  development  at  "The  Bellowspipe,"  on 
Mount  Greylock. 

GREYLOCK  SCHIST. 

The  Greylock  schist  is  a  muscovite  (sericite),  chlorite,  and  quartz 
schist  with  or  without  biotite,  albite,  magnetite,  tabular  crystals  of 
interleaved  ilmenite  and  chlorite,  ottrelite,  and  tourmaline.  Its  thick- 
ness is  1,500  to  2,000  feet.  It  formed  part  of  Emmons's  pre-Cambrian 
or  Lower  Taconic  No.  3  (talcose  slate)  and  of  Walcott's  Hudson 
(Lower  Silurian  [Ordovician])."  Similar  schists  extend  around  the 
north  of  Hoosac  Mountain  in  Vermont  and  seem  to  pass  into  the  more 
metamorphosed  Savoy  schist.  The  formation  was  named  for  its  con- 
spicuous development  on  Mount  Greylock. 

BERKSHIRE  HILLS  AND  CONNECTICUT  VALLEY. 

HOOSAC  SCHIST. 

The  Hoosac  schist  is  a  dark  graphitic  mica  schist,  in  many  places 
highly  garnetiferous,  especially  at  the  base;  in  a  few  places  it  carries 
staurolite  and  kyanite.  It  is  commonly  porphyritic  with  small  second- 
ary albite  crystals,  which  in  the  northern  part  of  the  area  so  increase 
that  the  rock  becomes  a  gneiss.  Both  muscovite  and  biotite  are 
present,  and  the  rock  is  commonly  of  greasy  feel  from  the  hydration 
of  the  muscovite.  It  is  considered  to  be  the  lowest.  Ordovician  schist 
formation  on  the  west  flank  of  the  mountain  axis.  Farther  west  the 
Berkshire  schist  is  the  lowest,  and  the  two  formations  are  probably 
at  least  in  part  equivalent,  but  they  were  distinguished  by  Pumpelly,T 
although  the  Hoosac,  traced  north  round  the  Stamford  granite  gneiss, 
came  into  immediate  proximity  to  the  Berkshire,  and  no  important 
lithologic  distinction  could  be  maintained  between  them.    I  have 

P  Dale,  T.  N..  U.  B.  Owl.  Surrey  Mob.  28,  pp.  119-208,  1884 ;  D.  a  OroL  Survey  Four- 
teenth Ann.  Repf.,  pt.  2.  pp.  RBl-BBft,  1864:  U.  H.  Oral.  Sure. ;.-  Bait.  272,  IM&. 
'  Hobbs.  W.  B„  Jour.  Geology,  vol.  1,  p.  TIT.  1883. 

•Emerson.  B.  K_  V.  S  Gcol.  Surrey  Ball.  IBS.  n.  81,  1889.  U  *'  i- 

•  Dele.  T.  N.  V.  H.  Geol.  Surrey  Mob.  23.  p.  180.  1804. 

•  Dale,  T.  N„  II.  8.  Geol.  Surrey  Fourteenth  Abb.  Kept.,  pt.  2,  pi.  71,  1884. 

•  I>«1«.  T.  N..  V.  8.  Ceol.  Survey  Mob.  28,  p.  127,  1884. 
'  Idem,  pp.  68.  W8. 
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descril*d  the  Hoosac  schist  elsewhere.1  Its  estimated  thickness  is 
1,500  feet  in  the  Westfield  Valley  and  4,000  feet  on  Hoosac  Mountain. 

The  small  secondary  albite  crystals  were  fully  studied  by  Wolff, 
and  three  analyses  of  them  prove  that  they  are  albite. 

Chemical  composition  of  ulbitic  mica  schut,  Hoosac  Mountain,  Mass.' 
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This  analysis  shows  dominance  of  magnesia  over  lime  and  of 
potassium  oxide  over  sodium  oxide,  chemical  relations  strongly  sug- 
gestive if  not  demonstrative  of  sedimentary  origin.* 


ROWE  SCHIST.* 

The  Rowe  schist  is  a  monotonous  quartzose  pale-green  hydromica 
schist,  nonfeldspathic,  commonly  chloritic,  with  trapezohedral  gar- 
nets and  many  quartz  lenses.  Its  estimated  thickness  is  4,000  feet 
on  Hoosac  Mountain  and  7,000  feet  in  the  Westfield  Valley.  To  the 
south,  on  the  Boston  &  Albany  Railroad,  it  becomes  gneissoid  and 
carries  many  intercalated  beds  of  hornblende  schist  It  was  named 
for  its  occurrence  at  the  town  of  Rowe.  The  Hoosac  and  Rowe 
schists  appear  to  be  the  eastern  equivalent  of  the  Berkshire  schist 

• 

CHESTER  AMPH1BOUTE.' 

The  Chester  amphibolite  occupies  about  the  position  of  the  Bel- 
lowspipe limestone  and  may  be  its  time  equivalent  It  crosses  the 
State  in  a  narrow  interrupted  band,  with  very  steep  bedding,  and 
continues  far  into  Vermont  and  Connecticut  It  is  500  feet  wide 
in  its  northern  part,  widens  to  3,200  feet  in  Chester,  and  is  1,200 
feet  wide  where  it  crosses  the  State  line.  In  its  northern  part  it  is 
a  dark-gran  to  black  foliated  or  ligniform  epidotic  quartz-horn- 
blende schist  apparently  of  sedimentary  origin.  At  several  places 
in  this  part  of  its  course  it  is  associated  along  its  eastern  (formerly 
the  upper)  border  with  lenticular  masses  of  serpentine  of  igneous 

'  OeolOBT  «*  old  Hampshire  Onety,  Maaa. :  U.  S  Geol.  Survey  Hon.  28,  pp.  «8_7s,  18ns  ■ 
The  ireoloxy  ml  eastern  Berkshire  County,  Maaa. :  U.  8.  Gaol.  Survey  Bull.  188,  p.  82,  1886 

'Allen.  r.  T,  TJ.  &  Geol.  Savvey  Bull.  228.  p.  41,  1804.  ' 

'  Beetta.  »:  8,  Jonr.  Qeolocy.  rol.  17,  pp.  471-471,  1808. 
..  *V.  K  Ore*.  Sarvcy  Mob.  88.  p.  7ft,  1888 :  TJ.  S.  QeoL  Survey  Bull.  188,  p.  84.  1888 
\»tj.  &  tie*.  Harvey  Mob.  2*,  pp.  78-168.  1888.  and  U,  S.  Geol.  Burrey  GaoL  All*. 

»lyoke  CeaW  (No,  60),  1888,    &MSk^BSSBmmVSSM^S^  . 
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origin  several  hundred  feet  thick,  and  in  Chester  unique  lenses  of 
emery  border  the  bed  on  the  east  for  several  miles.   (See  p.  1R»-) 

South  of  the  emery  lenses  and  beginning  at  Osborn's  quarry,  in 
Blandford,  an  irregular  thickness  of  dolomitic  limestone  appears  m 
the  bornblendic  bed,  which  for  miles  south  maintains  a  thickness  of  ' 
10  to  80  feet  and  is  more  or  less  pierced  with  large  enstatite  prisms 
and  grades  into  a  coarse  enstatite  rock  made  up  of  thick,  tabular 
crystals,  some  of  which  are  1  by  6  by  14  inches.  The  enstatite  rock 
changes  into  a  black  bastite  (marmolite)  serpentine,  which  is  quarried 
as  black  marble,  or,  where  the  black  prisms  are  scattered  in  the 
white  marble,  it  forms  the  beautiful  stellate  verd  antiques,  which  are 
quarried  in  Westfield.  This  change  of  the  enstatite  is  coincident 
areally  with  the  distribution  of  the  granite  and  is  a  thermal,  not  a 
dynamic  metamorphosis,  for  the  great  interlacing  enstatite  prisms 
are  intaet  and  the  beds  are  massive. 

In  its  northern  extent,  on  the  other  hand,  the  thin  fissile  horn- 
blende (actinolite  or  tremohte)  schists  are  products  of  mashing  of 
more  ferruginous,  perhaps  tnfaceous  beds  without  the  influence  of 
granite,  and  albite  and  quartz  have  been  introduced  by  circulating 
waters  as  in  the  adjacent  albitic  schists. 

PEEIDOT1TE  AND  SERPENTINE  ASSOCIATED  WITH  CHESTEB  AMPHIBOLTVE. 

As  these  rocks  are  in  the  main  eruptive,  their  description  is  given 
on  pages  156-158,  although  the  limestone  beds  which  form  part  of 
the  series  seem  to  be  sedimentary. 

SAVOY  SCHIST. 

The  Savoy  schist  is  a  thick  formation  of  light-gray,Tather  coarse 
muscovite  or  sericite  schist,  generally  hydrated  and  greenish  from  the 
presence  of  a  little  chlorite  commonly  derived  from  garnets,  which 
are  very  abundant  and  large.  It  is  hardly  distinguishable  from  the 
underlying  Rowe  schist   Its  estimated  thickness  in  Middlefieki  is 

Large  beds  of  a  sugary  qoartzite  are  intercalated  in  the  schist  and 
in  many  places  are  penetrated  by  long,  flat  hornblende  crystals,  which 
increase  till  beds  of  sedimentary  hornblende  schist  like  that  of  the 
Chester  amphibolite  are  formed.  Small  beds  of  pyroxene  limestone 
are  scattered  through  the  formation.  South  to  Westfield  River  the 
formation  is  nearly  all  composed  of  the  greasy  sericite  schist.  In  the 
cuts  west  of  Chester  40  beds  of  hornblende  schist  1  foot  to  20  feet 
thick  are  intercalated,  garfoer  south  the  Savoy  js  a  coarse  twj>^aioa-~ 
feldspathic  schist,  cariylng^yanite^  It  lathe  talcose  slate  and 
hy^SUnca  Bhilu  of  Hilch^ock.  ll^asfcatped  for  ite  devHopB^ 
in  the  eastern  part  oi  Savoy  Township.  " 
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H<LEY  schist. 

The  Hawley  schist .  !  'erromagnesian  formation  that  is  well 

exposed  in  Hawley  Tow  >,  is  a  soft  dark-green  chlorite  schist, 

commonly   full   of   ank  ■mbohedra,   and   contains  many 

quartzose  pale-green  beds  icite  schist  penetrated  with  many 

long  hornblende  blades  in  a  ^asciculate  arrangement.  Its  estimated 
thickness  is  2,300  feet  in  Worthington. 

Thick  beds  of  black  hornblende  schist  run  south  with  the  bedding 
and  are  cut  off  by  the  great  fault  which  forms  the  western  border 
of  the  Hawley  schist.  An  analysis  of  this  hornblende  schist  is  quoted 
on  page  74.  Several  thin  sections  showed  only  the  characteristics 
of  sedimentary  rocks — clastic  quartz  grains  in  a  mat  of  hornblende 
and  epidote  needles,  and  magnetite  Without  a  trace  of  titanium — and 
its  composition  sustains  this  theory  of  its  origin. 

The  heated  waters  circulating Jn  the  great  fault  that  forms  the 
western  border  of  the  Hawley  schist  have  dissolved  the  ankerite  in 
great  quantity  and  deposited  the  iron  as  magnetite  along  the  main 
fissure  and  carried  the  manganese  and  much  vein  quartz  and  ilmenite 
far  out  from  the  fissure  into  the  crushed  rock;  still  farther  away 
from  the  main  fissure  hematite  has  replaced  the  micaceous  mineral 
of  the  schist.  Thus  at  the  old  Hawley  mine  the  specular  iron  or 
"  micaceous  iron  "  found  in  many  mineralogic  cabinets  was  formed. 
The  ore  belt  can  be  traced  along  the  crushed  zone  for  several  miles, 
and  many  openings  have  been  made  on  the  lean  magnetite  beds  ex- 
tending southward  across  Forge  Hill  in  West  Hawley. 

Many  traces  of  manganese  ores — rhodonite  and  rhodochrosite — 
occur  in  these  openings,  and  farther  south  along  the  same  fault  in 
Cummington,  at  what  are  called  the  "  manganese  mines,"  the  rho- 
donite of  Cummington  can  be  found  in  place.  At  the  old  Hawley 
mine  mentioned  above  can  also  be  found  a  beautiful  "  coticule "  or 
quartz-garnet  rock,  a  pale  flesh-colored  granular  rock  made  up 
almost  wholly  of  small  manganese  garnets,  many  specimens  of  which 
are  beautifully  corrugated.1  Similar  veins  carrying  magnetite  and 
the  quartz-rhodonite  mixture  appear  still  farther  east  in  Hawley. 

Farther  north  and  east,  especially  north  of  Deerfield  River,  len- 
ticular beds  and  impregnations  of  pyrite  appear,  in  inany  places 
carrying  chalcopyrite  and  gahnite  and,  in  some  small  veins,  bornite. 
These  deposits  seem  to  have  been  concentrated  by  heated  waters  from 
the  mineralized  courtr^  rock  under  conditions  somewhat  different 
Prom  those,  uudci  v  It'iijj  tie  magnetite  veins  were  formed. 

1 .  i;  [inporturd  :i  1  successful  mine  in  the  Hawley  schist  is 
the  '«?U-kuwn  l'u  iv p^xite  mine  in  Rowe.  '  The  mine  is  said  to 
approach'  exhaustion,  and  though  much  exploration  has  been  Tnade 
n°  ot"er  equally  valuable  deposit  has  been  found.1  The  mine  was 

•P  S.  Geo!.  Surrey  Hon.  20,  p.  174,  1898. 
■Idem,  p.  170. 
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closed  in  1907.  It  was  in  an  enormous  mass  of  almost  pure  gran- 
ular pyrite,  with  some  chalcopyrite,  gahnite,  blonde,  and  garnet.  Its 
length  was  4*>0  feet,  and  it  was  worked  1,200  feet  deep  on  the  dip; 
its  thickness  was  24  feet  for  most  of  its  length.1 

The  Hawley  schist  is  brought  up  by  a  short  anticline  in  Goshen, 
which  is  faulted  along  the  center  and  overthrust  eastward.  It 
carries  a  heavy  bed  of  a  characteristic  sedimentary  hornblende 
schist — a  coarse  brown  cummingtonite-garnet  rock.  * 

The  Ordovician  period  seems  to  have  closed  with  the  deposition 
of  the  Hawley  formation  under  conditions  somewhat  resembling 
those  which  prevailed  in  the  Triassic.  The  great  sheets  of  mafic 
eruptive  rock  were  intercalated  with  beds  of  tuff  and  ferruginous 
sandstone;  the  tuffs  have  changed  to  the  fine-grained  ankerite-cklo- 
rite  schists,  the  sandstones  to  the  fasciculite-sericite  schists. 

The  beds  and  impregnations  of  sulphides  may  find  their  parallel 
in  the  pyrite  and  chalcopyrite  veins  in  the  Triassic,  as  at  Turners 
Falls,  Mass.,  or  the  bornite  veins  and  impregnations,  as  at  Granby, 
Conn. 

Later  faultings  and  mashings  have  formed  the  passageways  for 
the  heated  waters,  which  gathered  the  iron  and  manganese  oxides 
and  silicates  there  concentrated. 

SILURIAN  (?)  SYSTEM. 
GENERAL  CHARACTER  AND  RELATIONS. 

The  rocks  here  tentatively  assigned  to  the  Silurian  are  divided 
into  three  formations :  A  lower  dark  flaggy  schist  spangled  with  small 
biotites  and  full  of  garnets — the  Goshen  schist;  a  middle  formation — 
the  Conway  schist— consisting  of  a  similar  schist  but -more  corrugated 
and  containing  many  beds  of  black  limestone  and  hornblende  schist 
derived  therefrom,  with  beds  of  flaggy  quartzite ;  and  an  upper  for- 
mation, barren  of  accessory  minerals,  which  in  some  places  forms  a 
good  roofing  slate — the  Leyden  argillite 

These  formations  are  cut  off  by  the  Ordovician  rocks  before  reach- 
ing the  Connecticut  line  but  extend  nearly  across  the  State  with  an 
average  width  of  10  miles  and  were  mapped  by  Hitchcock  as  con- 
tinuing into  northern  Vermont. 

The  Ordo  vician  rocks,  from  the  Hoosac  schist  to  the  Hawley  schist, 
inclusive,  make  a  continuous  succession  of  related  formations  very 
distinct  from  the  Cambrian  below  and  the  Silurian  (?)  above,  and 
they  occur  in  sufficient  thickness  and  variety  to  match  the  whole 
Ordovician  farther  west 

The  Ordovician  is  free  from  carbon-  and  largely  from  iron.  The 
Silurian  (?)  rocks  are  very  grifphltic!   They  rest  with  marked  un- 


<  Rutl'dRe.  J.  J.,  Darti  pyrttei  mine,  Him, .  En«.  and  Mln.  Jour.  rol.  82,  pp.  67*.  724, 
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conformity  on  the  older  western  beds  and  cut  off  the  Hawley  schist 
to  the  south  by  overlap.  The  eruptive  activity  of  the  Hawley  epoch, 
and  the  distinct  transgressive  unconformity  of  the  Goshen  schist 
upon  the  Hawley,  prove  that  a  considerable  break  separates  the  beds 
at  this  point. 

Farther  east  the  Hawle}'  schist  emerges  from  beneath  the  younger 
Goshen  schist,  and  there  is  distinct  unconformity  between  them.  The 
Devonian  (Bemardston  formation)  rests  unconformably  on  the  Ley- 
den argillite,  the  upper  formation  of  the  Silurian  (?)  rocks.  North- 
ward across  Vermont  the  Conway  schist  becomes  very  calcareous, 
and  when  Silurian  fossils  were  found  in  Littleton,  N.  H.,  in  impure 
limestone  the  evidence  seemed  sufficient  to  allow  the  whole  to  be 
classed  as  Silurian,  and  this  was  done  by  Dana  and  me.  The 
discovery  of.  graptolites  in  good  preservation  in  Magog,  Canada, 
just  north  of  the  Vermont  line,  and  indeterminate  graptolites  in  two 
towns  in  northern  Vermont,  caused  Richardson1  to  class  the  "Cal- 
ciferous "  as  Ordovician.  The  graptolites  at  Magog  occur  in  the 
continuation  of  the  slates  of  Montpelier  *  (the  Memphremagog  slate). 
Later  C.  H.  Hitchcock  *  revised  the  classification  of  the  whole  area 
and  brought  it  into  complete  harmony  with  the  Massachusetts  succes- 
sion. He  makes  the  lowest  series  the  "  sericitic  schist  group,"  which 
is  the  equivalent  of  our  Ordovician,  next  above  the  "  phyllite  slates  - 
and  argillites,"  later  called  by  him  *  the  Memphremagog  slate,  and 
the  same  as  the  slates  at  Montpelier  and  the  graptolito  slates  at 
Magog,  and  compared  them  with  certain  black  slates  in  Heath  and 
Charlemont  which  I  have  put  in  the  Hawley  schist  Next  above 
comes  the  whole  calciferous  mica  schist,  which  may  thus  be  still 
correlated  with  the  Silurian,  except  for  the  indeterminate  grapto- 
lites cited  by  Richardson,  which  may  belong  to  infolded  bands  of 
the  older  rock.  Ruedemann*  reports  that  "the  carbonaceous  films 
are  quite  probably  crushed  graptolites."  They  may  thus  be  either 
Ordovician  or  Silurian, 

In  Canada  the  full  width  of  the  schist  is  classed  as  Ordovician  and 
Hitchcock  *  classes  the  Conway  schist  in  Vermont  as  Ordovician  in 
bis  latest  map,  so  that  for  Massachusetts  it  may  remain  an  unsolved 
problem. 

GOSHEN  SCHIST. 

This  formation  includes  the  lower  portion  of  the  M  Calciferous  " 
mica  3chist  of  Hitchcock.  It  is  almost  wholly  free  from  limestone 
nnd  is,  a  dark-gray  graphitic  muscovite  schist  commonly  arenaceous 

1  Richardson.  C  H„  Vermont  State  Geologist  Kept.  1901-2,  p.  84,  1902. 
■  Mem,  p.  96, 

1  Hitchcock.  C.  H,  Vermont  Bute  Geologlet  Kept.  1011-12,  pp.  101,  117,  1012. 
'  Idem.  p.  11T. 

'  Rumlenunn,  Rudolf,  Vermont  State  Geologtat  Kept.  1011-12,  p.  1(2,  1012. 

*  Hitchcock,  C.  H„  op.  dt*  p.  128,  map.   w  -M. 
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and  splitting  into  flags  2  to  3  inches  thick,  which  have  been  much 
used  in  the  large  towns  in  the  Connecticut  Valley  for  sidewalks.  It 
is  abundantly  crowded  with  small  red  garnets,  especially  where 
micaceous,  and  spangled  with  small  shining  black  mica  plates,  many 
of  them  set  across  the  bedding  where  the  rock  is  more  arenaceous. 
Staurolite  is  generally  rare  in  the  central  portion  of  the  area  and  is 
absent  in  the  northern  part. 

The  typical  region  is  that  surrounding  the  oval  of  Hawley  schist 
in  Goshen,  where  the  Goshen  dips  away  from  the  Hawley  in  all 
directions.  A  band  identical  in  lithologic  character  and  of  the  same 
thickness  crosses  the  western  part  of  YVorthington  and  extends  north- 
ward into  Vermont. 

The  schists  run  south  across  the  southern  half  of  the  State  in  a 
narrow  band  and  are  well  exposed  at  Salmon  J^alls  (Fairfield), 
where  their  thickness,  much  diminished  from  that  ~seen~ farther 
north,  can  be  clearly  determined.  In  the  rest  of  this  area  their  dis- 
tinction from  the  Conway  schist  is  not  so  clear,  for  in  the  broad 
anticline  the  rock  is  about  as  much  corrugated  is  the  next  formation 
above,  and  the  only  criterion  by  which  it  can  be  distinguished  is  the 
smaller  quantity  of  graphite,  limestone,  and  other  accessories.  The 
distinction  is  here  comparatively  unimportant  and  is  carried  out 
partly  for  the  sake  of  uniformity  with  adjoining  areas,  and  partly 
because  in  the  great  mass  of  these  graphitic  schists  any  distinction 
is  important  in  unraveling  the  structure  and  expressing  it  on  the 
map.  At  the  base  of  the  bed  in  its  northern  part  is  a  bed  of  horn- 
blende schist  of  sedimentary  type,  porphyritic  with  crystals  of 
secondary  albite.  An  analysis  of  the  schist  is  quoted  on  page  74 
(analysis  1). 

CONWAY  SCHIST. 

A  large  region  is  covered  by  this  formation,  which  is  also  very 
extensive  northward  beyond  the  limits  of  the  State.  The  finely  cor- 
rugated muscovite  schist,  which  is  the  principal  rock,  is  in  many 
places  so  contorted  that  no  strike  can  be  made  out.  The  rock  is 
dark  from  the  abundance  of  graphitic  matter.  Small  garnets  and 
staurolites  are  generally  abundant  in  it,  but  they  become  rare  to 
the  north ;  zoisite  and  hlup,  kyapjte  are  common. 

The  rock  is  generally  spangled  with  many  small  elongate  shining 
black  mica  scales,  set  transversely  to  the  foliation.  There  are  many 
beds  of  a  sandy  quartzite  with  small  scales  of  red  mica  regularly  dis- 
seminated. These  beds  furnish  excellent  material  for  scythestones. 
Beds  of  a  black  limestone  full  of  nodules  of  graphite  and  dark  mica 
appear  in  the  middle  of  the  area  and  increase  in  number  northward. 
In  many  places  these  beds  are  changed  above  and  below  for  2  or  8 
inches  into  hornblende  schist,  and  when  blocks  are  separated  from 
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the  ledge  they  weather  in  swampy  places  into  forms  like  plow- 
shares, anvils,  and  the  like  from  the  solubility  of  the  limestone. 

These  hornblende  schist  layers  increase  in  thickness  in  some  places 
until  they  replace  the  limestone  entirely.  Other  wholly  similar 
hornblende  schist  beds  in  the  mica  schist  are  assumed  to  have  the 
same  sedimentary  origin.  The  passage  of  limestone  into  hornblende 
schist  was  first  stated  in  1898.1 

Analyses  of  these  and  similar  beds  are  brought  together  on  page  74 
(analyses  1,  4,  5,  and  9)  for  comparison  and  common  discussion. 

In  the  western  portion  the  schist  is  very  fine  grained  and  of  the 
type  described  above.  In  the  eastern  portion  it  is  greatly  cut  by 
large  masses  of  granite  and  becomes  itself  coarser  grained,  barren  of 
all  accessories  mentioned  above,  and  much  impregnated  with  quartz 
and  pegmatite  veins.  It  is  a  rather  coarse  muscovite-biotite  schist, 
rendered  dark  by  graphitic  dust.  The  fine  and  regular  corrugation 
common  farther  west  gives  place  to  an  irregular  contortion,  and  by 
the  intrusion  of  the  granite  the  whole  is  greatly  changed  from  the 
normal  dark-spangled  and  corrugated  schist  farther  west 

The  thickest  bed  of  limestone  starts  at  Whately  Glen  and  runs  south 
across  the  town  of  Whately.  Parallel  to  this  runs  a  thick  bed  of 
hornblende  schist,  which  abuts  against  the  great  mass  of  granite  that 
occupies  so  much  of  .Whately  and  Northampton.  Fragments  of 
the  three  rocks — the  mica  schist,  the  limestone,  and  the  hornblende 
schist — can  be  found  for  many  miles  south  included  in  the  granite  in 
the  line  of  their  strike  and  in  parallel  positions,  which  indicates  that 
these  rocks  once  extended  together  across  the  granite  and  have  been 
removed  by  erosion.  The  granite  is  largely  hornblendic  in  the  area 
of  the  hornblende  schist,  biotitic  in  the  area  of  the  biotite  limestone, 
and  muscovitie  in  the  part  covered  by  the  muscovite  schists.  This 
indicates  that  the  granite  melted  the  schists  to  some  extent  and  iaoor- 
porated  much  of  them  into  its  mass.  .  The  formation  was  named  for 
its  development  along  the  river  in  Gonway,  DeerneJd. 

LEYDEN  ARQTT.T.TTE. 

'•;......r. ;-.,„.    v.  „.!t  -.-Kr/irr  *sgn«rh        t    -attlltg-s:.-!  > 

The  Leyden  argillite  is  a  slaty  rock  that  is  widely  spread  in  Ver- 
mont and  enters  Massachusetts  in  Leyden.  It  occupies  the  whole 
of  that  town,  passes  south  beneath  the  Triassic  sandstones  in  Green- 
field  and  Deerfield,  and  reappears  in  Whately,  where  it  is  cut  off  on 
the  south  by  the  eruptive  tonalite.  It  is  the  least  altered  rock  of 
the  Paleozoic  column.  It  was  originally  a  black  mud  rock,  but  is 
now  a  black  slate,  composed  of  a  felt  of  microscopic  scales  of  mica 
inclosing  small  grains  of  original  quartz  and  much  carbonaceous 
matter  derived  from  the  organic  bodies  it  once  contained.  Where 
the  rock  is  most  changed  small  pustules  indicate  the  beginning  of 

1  Bfflpnon,  B.  K.,  Otology  of  old  Hampiliiw  Cttmtj,  Kara,  r  O.  8.6ml.  8orwy  Ms*.  89. 
«>•  IBl.  1BB8.    Cit«d  by  O.  A.  J,  Col«  la  1918.  »t  Uw  InternttkauU  Gaotofiaa  Oobcnm. 
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garnets  or  black  mica  crystals,  and  it  is  commonly  netted  with  quartz 
veins.  It  is  highly  corrugated,  and  where  by  pressure  a  cleavage 
structure  was  produced  it  makes  good  roofing  slate.  Along  its 
contact  with  the  tonalite  it  has  been  greatly  altered  by  that  rock  into 
a  greenish  gneiss  and  farther  outward  into  a  chiastolite  schist.  These 
chiastolites  are  further  altered,  though  retaining  the  black  cross  in 
section,  into  a  mass  of  muscovite  scales  in  which  minute  staurolites 
in  twin  crystals  are  embedded,  and  these  staurolites  are  superficially 
changed  into  a  fibrous  mineral.1 

The  Goshen  and  Conway  schists  and  the  Leyden  argillite  form 
a  continuous  series,  separated  from  the  formations  below  and  above 
by  considerable  unconformities.  The  deposits  doubtless  were  laid 
down  in  a  sea  that  was  shallow  but  continuous,  as  is  indicated  by 
the  abundant  carbon,  and  whose  boundaries  and  history  were  dif- 
ferent from  those  of  the  seas  which  preceded  and  followed  it  On 
the  south  and  west  the  formations  are  successively  narrower,  the  Ley- 
den, the  latest  of  the  three,  lying  within  the  Conway,  and  the  Conway 
within  the  Goshen — the  oldest  Hence  it  may  be  inferred  that  the 
sea  had  shrunk  northeastward,  or  that  the  land  had  expanded  in  that 
direction,  during  the  corresponding  epochs. 

DEVONIAN  SYSTEM. 
BEBNASDSTON  FOHKATION 

In  the  u  Geology  of  Old  Hampshire  County  "  I  have  described  the 
Bernardston  formation  and  given  a  detailed  map  and  sections  of  it1 

Next  above  the  Leyden  argillite  occurs  a  conglomerate  in  the  base 
of  the  Bernardston  formation  composed  in  part  of  pebbles  derived 
from  the  Leyden  and  deposited  on  it  near  their  source.  Such  a  bed 
is  called  a  basal  conglomerate.  In  order  to  produce  the  materials 
for  such  pebbles  the  Leyden  strata  must  have  been  hardened  and 
raised  to  form  a  shore  line,  against  which  broke  the  waves  of  the 
Devonian  sea.  Before  this  time,  also,  quartz  veins  had  developed  in 
the  argillite.  These  changes  imply  the  lapse  of  considerable  time 
between  the  Leyden  epoch  and  that  during  which  the  sedimentary 
deposits  were  continued  by  the  return  of  the  sea  over  this  area.  The 
pebble  beds  mark  the  third  unconformity  in  the  Paleozoic  history 
of  the  province,  the  Cambrian  transgression  having  been  the  first 
and  that  separating  the  Hawley  and  Goshen  schists  the  second.  The 
basal  conglomerate  and  the  deposits  succeeding  it  were  spread  over 
Bernardston  and  Vernon  and  farther  north  to  connect  with  the  open 
sea  and  south  down  the  Connecticut  basin  at  least  as  far  as  Belcher-  j 
town  and  are  known  as  the  Bernardston  formation.   They  are  now| 

■0.8.  Oeol.  Rnrvor  Hon.  2b,  pi.  8,  tg.  1,  18M. 
*  16m*,  pp.  2S3-2V*,  ISM. 


CARBONIFEROUS  SYSTEM. 


49 


greatly  altered;  the  quartzite  pebbles  have  been  mashed  as  if  they 
were  soft  metal,  and  the  whole  conglomerate  is  locally  changed  to 
gneiss,  which  grades  up  into  thick  beds  of  quartzite,  on  the  foliation 
faces  of  which  there  is  much  newly  formed  mica.  Beds  of  limestone 
inclosed  in  these  quartzites  still  contain  Upper  Devonian  corals, 
orinoids,  brachiopods,  and  other  shells  too  obscure  for  specific  deter- 
mination, although  the  rock  is  so  coarse  grained  that  cleavage  pieces 
of  calcite  more  than  an  inch  across  can  be  split  from  some  of  it  Fer- 
ruginous waters  soaked  into  the  limestone,  changing  the  upper  part 
into  liroonite,  and  this  has  been  later  changed  to  a  bed  of  garnetifer- 
ous  magnetite  a  foot  thick. 

Above  these  altered  sandstones  and  limestones  comes  a  thick  series 
that  was  once  composed  of  clayey,  beds  with  interposed  limestone 
beds.  The  clayey  beds  have  been  changed  into  pimpled  mica  schists, 
and  the  limestone  beds  into  thick  hornblende  schists,  which  show 
their  derivation  from  limestone  by  the  presence  of  limestone  rem- 
nants containing  essonite^fend  pyroxene.  Other  similar  black  beds 
are  so  coarse  and  massive  that  they  seem  to  be  sills  of  little  altered 
diorite,  as  they  contain  much  plagioclase  and  leucoxene.  An  an- 
al} sis  of  this  rock  is  quoted  on  page  74. 

CARBONIFEROUS  SYSTEM. 
GENEKAX  FEATTXBES, 

Stratified  rocks  of  certain  or  of  probable  Carboniferous  age  oc- 
cupy a  large  part  of  Rhode  Island  and  of  Massachusetts  east  of 
Connecticut  River.  In  the  Central  Upland  more  or  less  metamor- 
phosed sedimentary  rocks,  which  are  regarded  as  the  altered  equiva- 
lents of  the  definitely  Carboniferous  strata  of  the  Worcester  area, 
occupy,  together  with  younger  intrusive  rocks  of  late  Carboniferous 
or  post-Carboniferous  age,  the  whole  district,  and  extend  northward 
into  New  Hampshire  and  southward  into  Connecticut  East  of  the 
Central  Upland  the  slope  descending  to  the  coast  is  crossed  by  four 
principal  and  several  minor  troughs  or  basins  occupied  by  Car- 
boniferous strata,  bounded  in  part  by  sedimentary  or  faulted  con- 
tacts against  older  rocks,  both  igneous  and  sedimentary,  and  in  part 
by  eruptive  contacts  of  younger  igneous  rocks.  The  Worcester 
trough,  the  westernmost  of  the  four,  is  a  belt  from  2  to  10  miles 
broad  and  of  general  synclinal  structure,  which  crosses  Massachu- 
setts from  Webster  to  PepperelL  It  extends  southward  far  into  Con- 
necticut and  northeastward  probably  across  New  Hampshire.  Just 
east  of  it,  and  connected  with  it  for  a  short  distance  in  Bolton,  lien 
the  Merrimack  trough,  which,  as  far  northeast  as  Lowell,  is  hardly 
more  than  a  mile  wide.  Beyond  Lowell  it  broadens  and  extendi 
across  southeastern  New  Hampshire  into  Maine.  On  the  Pisoataqua 
G02440— BulL  (SOT— 17— 4 
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it  is  more  thnn  12  miles  wide  and  is  apparently  a  Bjmcline,  but  in 
Massachusetts  it  appears  to  have  a  faulted  monoclinal  structure. 

The  Boston  Basin  is  a  roughly  triangular  area  that  occupies  the 
coast  of  Boston  Bay  between  Revere  and  Hull  and  extends  westward 
to  Sherborn.  Its  structure  is  highly  complex.  The  Framingham 
Basin,  a  small  area  of  volcanic  rocks,  which  is  separated  by  less  than 
4  miles  from  the  west  end  of  the  Boston  Basin  and  which  may  once 
have  been  connected  with  it,  is  doubtfully  regarded  as  Carboniferous. 

The  Narragansett  Basin  is  a  great  area  of  Carboniferous  sediments 
that  occupies  most  of  eastern  Rhode  Island,  including  the  bed  of 
Narragansett  Bay  and  the  islands  in  it,  and  extends  northeastward 
nearly  across  Plymouth  County,  Mass.  Its  structure  is  highly  com- 
plex, but  in  the  main  it  is  a  synclinorium.  The  Norfolk  County 
Basin  branches  from  its  northwest  corner  and  extends  northeastward 
almost  or  possibly  quite  to  the  Boston  Basin.  The  Woonsocket 
Basin,  a  small  trough  of  highly  altered  but  presumably  Carbonif- 
erous sediments,  lies  northwest  of  the  Narragansett  Basin  and  is  at 
one  place  only  a  few  miles  distant  from  it.  It  is  generally  regarded 
as  a  detached  outlier  of  that  basin. 

All  the  basins  and  troughs  except  that  at  Framingham,  which  is 
so  small  that  its  direction  is  indeterminate,  trend  northeast  and  south- 
west. The  four  main  areas  and  the  Norfolk  Basin  are  curved,  the 
trend  changing  from  nearly  north  and  south  at  their  southern  ends 
to  northeast,  or,  in  the  Boston  Basin,  even  to  east,  at  their  northern 
ends.  As  this  trend  and  curvature  is  common  also  to  the  pre-Car- 
boniferous  rocks  and  the  bodies  of  younger  granites,  it  is  probably 
almost  wholly  due  to  the  post-Carboniferous  deformation  and  only 
remotely,  if  at  all,  connected  with  the  original  form  of  the  areas  in 
which  the  sediments  were  deposited.  Its  conspicuousness  is  also 
probably  due  in  large  part  to  the  extreme  denudation  which  the 
region  has  suffered  and  which  has  separated  large  bodies  of  rock 
that  formerly  were  probably  continuous. 

As  these  rocks  at  some  places  contain  beds  of  graphitic  coal  and 
as  fossil  plants  were  found  in  the  Narragansett  Basin  rather  early  in 
the  nineteenth  century,  they  have  been  studied  for  many  years,  and 
the  literature  pertaining  to  them  is  fairly  voluminous.  Only  the 
more  recent  or  the  more  detailed  studies  will  be  mentioned  here. 

The  chief  paper  on  the  Narragansett  Basin  is  the  monograph 
by  N.  S.  Shaler,  J.  B.  Woodworth,  and  A.  F.  Foerste.*  More  recently 
Lahee*  has  made  a  detailed  study  of  the  structure  and  the  meta- 
morphism  of  the  rocks  in  the  southern  half  of  the  basin.  The  Boston 
Basin  has  been  studied  for  many  years  by  Crosby,  yrho  has  pub- 

»*7.  *•  Ceol.  Surrey  lion.  88,  18*9. 

.oV^EL^.."'.'  ?*1^tlon•  °' the  «*  "etamorphUm  to  the  w*>logical"  structure  and 

ro  ?«5  lVa  Narragansett  Basin,  n.  I. :  Am.  Jour.  Set.  4tt>~,„  tx.1.  88, 
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hshed  a  number  of  papers  dealing  with  parts  of  the  area 1  The 
Roxbury  conglomerate  of  the  Boston  Basin  was  made  the  subject 
of  an  elaborate  study  by  Mansfield,1  and  the  Boston  district  has  been 
mapped  by  LaForge  for  publication  by  the  United  States  Geo- 
logical Survey  in  the  forthcoming  Boston  folio.  The  Carboniferous 
strata  of  the  Worcester  trough  and  of  the  Central  Upland  have  been 
the  subject  of  my  own  studies  in  mapping  these  areas  for  publication 
in  folios  of  the  Geologic  Atlas  of  the  United  States,  and  the  area 
about  Worcester  has  already  been  mapped  and  described.'  The  rocks 
of  the  part  of  the  Merrimack  trough  crossing  Essex  County  have  been 
described  by  Sears.4 

In  my  opinion  the  sheet  of  Cambrian  sediments,  which  Crosby 
thinks  may  have  been  2  miles  thick,  was  folded,  intruded  by  granites 
and  felsites,  and  worn  down  deeply  before  the  beginning  of  the 
Carboniferous  period.  The  surface  was  exposed,  as  dry  land,  to 
physical  and  chemical  actions  that  caused  deep  disintegration  of 
the  granites  without  much  chemical  change,  and  the  result  is  seen 
in  the  great  quantity  of  granite  debris  in  the  arkose  that  forms  a 
large  part  of  the  basal  conglomerates.  Barrell  has  urged  that  in  a 
subarid  climate  extremes  both  of  cold  and  of  heat  may  produce  such 
a  result.  The  material  of  the  basal  conglomerates  is  very  local  in 
its  origin— arkose  where  the  underlying  rock  is  granite,  quartzite 
conglomerate  where  it  is  quartzite,  and  felsitic  where  felsites  abound. 
The  coarseness,  the  unsorted  and  unworn  fragments,  and  the  rapid 
change  in  grade  of  the  material  indicate  the  violent  but  intermittent 
floods  of  an  arid  but  mountainous  region. 

Mansfield  concluded  that  the  basal  conglomerates  are  probably  of 
a  common  terrestrial  origin,  that  the  more  regularly  and  evenly 
bedded  deposits  are  fluviatile  and  lacustrine,  and  thatthe  more  irreg- 
ular deposits  were  laid  down  by  torrents.  He  also  suggested  that  the 
abundant  feldspathic  material  in  the  sandstones  and  in  the  matrices 
P  of  the  conglomerates  might  have  been  derived  from  unsorted  and 
I   unweathered  material,  such  as  might  have  been  furnished  to  the 
streams  of  that  time  by  glaciers,  though  he  found  no  direct  evidence 
j  of  glacial  deposition  in  the  conglomerate  iteelf.  The  subsequent  dis- 
[  covery  by  Sayles"  of  the  glacial  origin  of  part  of  the  Roxbury  con- 
.  glomerate  lends  striking  confirmation  to  this  suggestion. 
'    The  coarse  Dighton  conglomerate,  spread  in  great  sheets  over  the 
j  thick  coal-bearing  shales  of  the  Rhode  Island  formation  in  the  Nar~ 

1  See  especially  Boston  Soc.  Nat.  Hist  Occasional  Papers  III  and  IV. 

I  Mansfield,  G.  B.,  The  origin  and  stroctare  of  tae  Boxbury  conglomerate :  Harrard  ColL 

I  Mu"-  Comp.  Zopl.  BnJk  rt>\.  49,  pp.  S1-2T1,  1906. 

I  'Perry,  J.  H..  and  Kmerson,  B.  K~  The  geology  of  Worcester,  Mass.,  1908. 

I  Sears,  J.  H.,  The  physical  geography,  geology,  mineralogy,  and  paleontology  of  Essex 

I  County,  Mass,  1906. 

I  "  Sayles,.  B.  W..  and  LaForge,  Laurence,  The  glacial  origin  of  the  Box  bury  oonglom- 

I  crate :  Science,  sew  ier.,  vol.  82,  p.  728,  1910. 
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ragnnsett  Basin,  presents  problems  pf  its  own.  It  is  coarser  toward 
the  south  and  the  pebbles  of  fossiliferous  Upper  Cambrian  quartzite, 
not  known  in  place,  for  which  the  rock  is  famous,  are  also  larger 
and  more  abundant  toward  the  south.  On  the  other  hand,  pebbles 
composed  of  muscovite  granite  are  larger  and  more  abundant  toward 
the  north.  To  explain  such  conditions  Mansfield  assumed  the  former 
existence  of  mountains  of  Alpine  height  on  the  southeast,  which  may 
have  been  the  source  of  the  floods  and  the  glaciers  and  have  supplied 
the  coarse  material.  Other  mountains  on  the  northwest  of  the 
Boston  district  were  assumed  as  a  source  of  the  muscovite  granite, 
as  the  nearest  known  granite  of  that  sort  lies  in  that  direction.  It  is* 
now  known,  however,  that  the  muscovite  granite  northwest  of  Boston 
is  younger  than  the  Carboniferous  sediments.  The  Dighton  con- 
glomerate finds  its  possible  equivalent  in  the  conglomerate  at  Har- 
vard, in  the  Worcester  district 

I  believe  that  the  Carboniferous  deposits  were  of  continental  for- 
mation and  that  the  disconnected  areas  now  forming  the  several 
l»sins  and  troughs  were  originally  continuous  over  the  greater  part 
of  southeastern  New  England.  The  outward  or  northwestern  border 
of  the  basal  conglomerates  runs  through  the  Boston  Basin,  bends 
southward  past  Woonsocket,  and  thence  runs  near  the  west  shore  of 
Narragansett  Bay.  In  the  region  north  and  west  of  this  line  the 
basal  formation  was  fine  sand  instead  of  gravel  and  was  overlain 
by  fine  mud,  and  the  deposits  of  this  kind  were  probably  laid  down 
on  interfluvial  plains  that  were  afterward  overspread  by  lagoons 
occupied  by  vegetation.  At  the  western  border  of  the  Carbonifer- 
ous area,  in  Wilbraham,  well-washed  quartz  conglomerate  recurs 
again  in  small  amount  and  indicates  that  the  western  margin  of  the 
great  sheet  of  deposits  was  somewhere  near  the  east  side  of  the 
present  Connecticut  Valley. 

NAKRAGAJJSETT  BASIN  (INCLUDING  TEE  NOKFOLK  BASIN). 
GENERAL  FEATURES. 

The  strata  of  the  Narragansett  Basin  have  an  estimated  aggregate 
thickness  of  12,000  feet.  They  have  been  divided  into  a  number 
of  formations  and  members,  the  sequence,  thickness,  general  char- 
acter, and  approximate  equivalence  of  which  are  shown  in  the  fol- 
lowing table,  prepared  by  Woodworth 1  and  published  in  the  mono- 
graph on  the  basin  :  .."  ~ 

>Bh*1er,  K.  S.,  Woodworth.  J.  B..  «od  Foente,  A.  F„  Oaologj  of  tbc  N«rras»o8«tt 
•*ala :  O.  a  Geol.  Banrej  Uon.  38,  p.  1M,  1890. 
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The  beds  have  been  thrown  into  a  series  of  great  folds  which,  in 
general,  are  broader  and  more  open  in  the  middle  of  the  basin  and 
steeper  and  pinched  at  the  sides.  Lahee  gives  the  following  sum- 
mary 1  of  his  conclusions  regarding  the  deformation : 

The  Narragansett  Basin  Is  a  body  of  Carboniferous  strata  which  (a)  have 
been  deformed  according  to  the,  Appalachian  type  of  folding;  (!>)  have  been 
regionally  metamorphosed;  and  (c)  have  been  intruded  by  Igneous  rocks. 

The  post-Carboniferous  intrusives  Include  a  few  mlnette  dikes,  on  the  one 
hand,  and  an  extensive,  perhaps  related,  series  of  granites,  pegmatites,  and 
quartz  veins  (Acid  Intrusive  Series)  on  the  other  hand. 

Of  the  Acid  Intrusive  Series,  the  granite  •  •  •  is  oldest,  the  pegmatites  are 
younger,  and  the  quartz  veins  represent  the  latest  differentiation  phase.  •  •  * 

These  Igneous  rocks  (Acid  Intrusive  Series  and  probably  minettes)  were 
injected  during,  and  immediately  subsequent  to,  the  folding  of  the  Carboniferous 
sediments. 

More  or  less  static  and  dynamic  metamorphlsm  attended  the  intrusion  of 
these  igneous  rocks,  but  this  metamorphlsm  Is  local  and  is  of  distinctly  differ- 
ent character  from  the  regional  metamorphlsm  due  to  the  folding. 

We  conclude,  then,  that  the  Carboniferous  strata  of  the  Narragansett  basin, 
after  deep  burial,  were  folded  by  forces  that  acted  with  greater  intensity  in  the 
south,  that,  contemporaneous  with  and  consequent  upon  this  deformation,  these 
sediments  were  regionally  metamorphosed ;  that  this  deformation  and  this  meta- 
morphlsm were  accompanied,  in  their  later  stages,  by  the  intrusion  of  certain 
igneous  rocks — a  process  which  continued,  with  magma  tic  differentiation,  for 
some  time  after  folding  ceased;  and  that,  these  facts  being  accepted,  the 
regional  metamorphlsm  and  the  injection  of  the  post-Carboniferous  igneous 
rocks  may  be  regarded  as  nearly  parallel  effects  of  the  mountain-building  forces. 

FONDVELLK  CONGLOMERATE. 

The  basal  formation  is  generally  a  coarse  conglomerate  or  arkose, 
made  up  of  material  derived  from  adjacent  granite.  It  is  not  a 
continuous  formation  but  is  well  represented  along  the  north  and 
southeast  borders  of  the  basin.  It  was  named  from  Pondville  sta- 
tion, 'n  tne  Norfolk  Basin,  where  it  is  well  displayed 

WAMSUTTA  FORMATION. 

Overlying  tn»?  Pondville  conglomerate,  or  resting  on  the  older  rocks 
where  the  Pondvill^  is  absent,  is  a  group  of  characteristically  red 
beds,  composed  of  sand^01168)  f elsite,  agglomerates,  arkose,  and  shale, 
which  Woodworth  calleriM^  Wamsutta  group,  from  Wamsutta,  an 
Indian  name  proposed,  but  n^t  adopted,  for  North  Attleboro,  where 
it  is  typically  developed.  The  sediments,  which  include  both  felsites 
and  melaphyres,  are  interbedded  w^th  some  tuffs  and  flows  of  vol- 
canic rock. 

SHOOS  ISLAND  FORMATION. 

The  Rhode  Island  formation  makes  up  the  greater  part  of  the 
rocks  of  the  basin,  both  in  thickness  and  extent.  It  is  named  from 
the  fact  that  the  graphite  coal  beds  of  the  State  of  Rhode  Island 
are  a  part  of  it.  It  is  called  the  Pawtucket  formation  by  Warren 


>  LtOM,  JT.  H„  op.  clL,  pp.  46S-44B. 
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The  rock  is  in  general  more  massively  quartzitic  toward  the  north- 
west side  of  the  belt  and  more  slaty  toward  the  southeast  side,  and 
seems  to  show  a  progressive  increase  in  its  slaty  character  north- 
eastward along  the  strike.  As  the  structure  of  the  trough  is  ex- 
tremely complicated,  however— the  strike  of  the  strata  at  many 
places  being  directly  across  the  trend  of  the  trough — it  is  not  known 
whether  these  differences  in  character  are  of  stratigraphic  signifi- 
cance. In  Groveland  and  West  Newbury  the  formation  is  distinctly 
inore  micaceous  and  phyllitic  than  elsewhere,  and  in  places  it  is  a 
quartz-sericite  phyllite.  This  diversity  may  be  the  result  of  dynamic 
metamorphlsm  rather  than  of  original  differences  in  the  character  of 
the  sediments,  as  these  beds  are  in  the  angle  where  the  trough  bends 
sharply  northward  into  New  Hampshire.  In  South  Groveland,  how- 
ever, there  are  outcrops  of  a  graphitic  phyllite  much  like  the  Worces- 
ter, and  it  seems  not  unlikely  that  in  this  part  of  the  trough  a 
little  of  the  younger  Carboniferous  formation  is  still  preserved. 

In  its  general  character  and  apparent  relations  to  surrounding 
rocks  the  Merrimack  quartzite  corresponds  closely  to  the  Oakdale 
quartzite  of  the  Worcester  trough,  and  the  two  formations  are  pre- 
sumably equivalent  In  the  Geological  Museum  at  Amherst  College 
there  is  a  block  of  gray  quartzite,  6  inches  wide  and  24  inches  long, 
which  seems  to  be  a  flattened  cast  of  a  calamite.  One  side  is  fluted 
and  rusty  as  if  from  the  crumpling  and  removal  of  the  epidermis, 
but  on  the  flat  surface  traces  ot  the  ribbing  still  remain  and  bear  s 
resemblance  to  that  of  Calamites  cannafomis.  The  block  was 
labeled  simply  "Lowell,  Mass-,"  by  Edward  Hitchcock,  and  is  sup- 
posed'to  have  come  from  the  Merrimack  quartzite.  On  the  other 
band,  Sears  has  reported  traces  of  Cambrian  fossils  from  outcrops  of 
the  formation.  No  fossils  have  been  found  by  other  students  of  the 
region,  however,  after  careful  search  of  the  localities  mentioned  by 
Sears.  Because  of  these  uncertainties  and  its  wide  separation  from 
other  areas  of  the  Oakdale  quartzite,  .it  imoinn  best  for  the  present 
to  give  the  formation  a  name  of  its  owjl'j* 

The  part  of  the  Merrimack  trough  tEjfftstends  south  westward 
from  Lowell  is  occupied  by  a  rusty.  ^yritkCTOroute-graphite-sericite 
schist  that  is  closely  similar  <Mbj6  Brhnfield  schist  of  the  Worcester 
trough,  with  which  it  is  confjHuoous  in  Bolton.  It  is  best  discussed, 
therefore,  in  the  description  ot  «i44urmatioiL 

wobcxsxbb  though  and  cknthax  upland. 

GENERAL  fSATtJRKS. 

fty  the  Carboniferous  sedimentary  rocks  were 
us  sandstone  below  and  •  great  mass  of  car- 
us  shale  and  subordinate  beds  of  conglomerate 


In  Worcester 
originally  a  cal 
bonaeeoos  and  p; 
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and  limestone  above.  Along  its  western  border,  next  to  the  Con- 
necticut Valley,  the  series  becomes  threefold,  containing  at  its  base 
a  sandstone  or  arkose,  in  the  middle  an  impure  limestone,  and  above 
a  thick  shale  and  sandstone  series,  with  some  conglomerate. 

The  Carboniferous  strata  occur  in  their  least  altered  form  in 
the  Worcester  trough,  where  their  lower  part  consists  of  the  slightly 
micaceous  Oakdale  quartzite  and  small  green  calcareous  lenses  and 
their  upper  part  is  the  highly  graphitic  Worcester  phyllite,  lustrous 
from  abundant  fine  scales  of  mica.  At  one  locality  in  Worces- 
ter the  phyllite  contains  distinct  fossil  plants.  East  and  west  of 
the  trough  the  formations  appear  as  narrow  anastomosing  bands, 
the  remnants  of  closed  syuclines.  These  bands  are  like  the  meshes 
of  a  network,  the  broad  interstices  of  which  are  filled  by  the  great 
masses  of  younger  intrusive  granite  which  now  occupy  three-fourths 
of  the  whole  area.  On  the  east  and  west  also  the  beds  seem  to 
grade  by  progressive  alteration — caused  largely  by  the  intrusion  of 
granite — into  schists  and  gneisses;  toward  the  east  the  change  is 
more  abrupt,  toward  the  west  more  gradual  to  a  maximum,  beyond 
which  the  alteration  decreases. 

Toward  the  west  the  Oakdale  quartzite  grades,  in  my  opinion, 
into  the  Paxton  quartz  schist,  a  chocolate-colored,  highly  micaceous 
whetstone,  which  contains  small  green  hornblendic  lenses.  Because 
of  its  intimate  impregnation  by  granite  the  Paxton,  at  some  places 
beyond  the  western  border  of  the  Worcester  quadrangle,  is  further 
altered  to  a  brown  porphyritic  gneiss  (paragneiss).  The  Worcester 
phyllite  similarly,  in  my  opinion,  becomes  the  Brimfield  schist,  a 
coarse,  rusty,  muscovite-biotite  schist,  full  of  pyrite,  graphite,  fibro- 
lite,  and  pink  garnet.  It  also  becomes  in  places  a  paragneiss,  much 
of  it  full  of  beautiful  porphyritic  crystals  of  adularia.  The  Paxton 
and  Brknfield  schists  are  the  predominant  and  most  widely  extended 
of  the  metamorphic  sedimentary  rocks. 

On  the  western,  border  of  the  Central  Upland,  overlooking  the 
Connecticut  Valley  "from  Wilbraham  to  Millers  Falls,  the  gneissoid 
Paxton  quartz  schist  is  lesg  altered,  and  in  the  same  district  iB  divided 
into  two  formations — the^rving  hornblende  schist  below  and  the 
Quabin  quartzite  (firestone)  ttbove.  In  the  same  district  the  Brim- 
field  becomes  a  normal  garnetiferous  mica  schist  called  the  Amherst 
schist.  Farther  north,  along  the  Guff -road  in  Nbrthfield  and  Erviiig, 
the  Paxton  strongly  resembles  the  OakdBle  quartzite,  and  the  Brim- 
field  schist  grades  into  a  rock  of  the  type  of  the  soft  graphitic 
Worcester  phyllite. 

Eastward  from  the  Worcester  trough  the  change  is  more  abrupt, 
and  the  Worcester  phyllite  grades  into-  the  Oxford  schist,  a  gray 
muscovite  schist,  in  many  places  full  of  muscovite  spangles  and 
garnet,  or  into  the  Brimfield  schist,         ,     i,  r,  ..     ;„  ~w 


Besides  exhibiting  these  regional  gradations,  caused  partly  by  the 
folding  of  the  strata  but  mainly  by  the  all-pervading  influence  of 
the  great  granite  masses,  the  Worcester  phyllite,  an  argillaceous  for- 
mation that  is  more  subject  to  alteration  than  the  underlying  quartz- 
ite, assumes  several  contact  phases  at  places  around  the  border  of 
the  granite.  At  several  places  in  Lancaster  and  Sterling  the  intru- 
sion of  small  stocks  of  granite  has  caused  the  formation  of  chiasto- 
lite  in  broad  belts  of  phyllite,  forming  what  is  here  called  chiastolite 
schist,  and  many  of  the  larger  granite  masses -are  bordered  by  a 
garnct-andalusite  hornfels  or  a  very  coarse  muscovite  schist,  full  of 
big  prisms  of  pink  andalusite,  more  or  less  altered  to  muscovite  and 
fibrolite,  which  is  here  called  the  Boylston  schist. 

All  these  changes  are  a  result  of  the  intrusion  of  the  granite, 
which  first,  by  the  action  of  heat  and  circulating  water,  caused  a 
crystallization  of  muscovite,  andalusite,  biotite,  garnet,  fibrolite,  and 
graphite  (in  about  the  order  mentioned),  and  then,  by  continued 
heat  and  alkaline  solutions,  caused  the  formation  of  much  more  mus- 
covite, with  feldspar  and  cordierite,  and  the  change  of  fibrolite,  anda- 
lusite, and  kyanite  into  muscovite. 

Besides  these  metamorphosed  rocks,  a  subordinate  division  of  the 
Carboniferous  strata  has  been  mapped,  which  was  deposited  under 
very  different  conditions  from  those  under  which  the  bulk  of  the 
strata  were  laid  down.  This  is  the  Harvard  conglomerate  lentil  of 
the  Worcester  phyllite. 

OLDER  CAHBONlFEHOtrS  FORMATIONS 
OAKDALE  QTTAKTZITZ.» 

The  Oakdale  quartzite  is  named  from  Oakdale,  a  village  in  the 
town  of  Sterling,  Mass.,  where  it  is  conspicuously  displayed.  It  is 
the  least  altered  of  the  older  Carboniferous  formations  and  retains 
many  of  its  sedimentary  characters  but  grades  into  more  crystalline 
varieties.  It  is  a  fine,  even-grained,  flaggy  quartzite,  in  many  places 
greatly  jointed,  reddish-brown  from  the  development  of  secondary 
biotite  in  minute  scales  or  greenish  from  the  development  of  actinolite 
in  small  lenses  or  subordinate  beds  that  were  originally  calcareous. 
It  contains  accessory  mRnnf^i^ottreUto,  pyrite.  and  muscovite. 
The  bedding  and  the  quartz  grains  are  in  many  places  original. 
Near  the  granite  intrusions  the  quartz/ grains  are  enlarged  or  wholly 
recrystallized,  the  whole  mass  is  coavser  grained,  and  the  rock  grades 

into  the  next  type.  iSS(6 ■.''» 

In  the  specimen  shown  in  Plate  II,  5,  from  the  transition  area 
into  the  Paxton  quartz  schist,  the  quartz  bands  are  folded  Without 
jointing  and  the  cement  changed  to  mica  schist.  At  Indian  Ledge,  on 
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the  hill  east  of  the  road,  a  little  south  <»f  the  Worcester  "  coal  mine," 
the  quartz  bands,  as  figured  elsewhere,1  are  greatly  twisted  and  sepa- 
rated into  small  segments. 
The  age  of  the  Oakdale  quartzite  is  discussed  on  pages  76-78. 

PAXTOH  QTJAETZ  KXXST. 

Toward  the  west  what  I  regard  as  the  equivalent  of  the  Oakdale 
quartzite  is  more  flaggy,  includes  more  abundant  and  visible  biotite 
and,  in  the  small  green  calcareous  areas,  distinct  lenses  of  actinolite, 
some  of  them  containing  djopside,  essonite,  titanite.  pyrite,  and 
residual  Qalcite.  It  includes  small  beds  ©f  mica  scEIstand  limestone, 
and  some  of  it  is  slightly  graphitic.  TMstype  of  rock  is  called  the 
Paxton  quartz  schist,  from  its  development  at  Paxton,  northwest  of 
Worcester.  Unlike  the  Brimfield  schist  it  is  distinctly  quartzitic, 
less  rusty,  and  lacks  graphite,  garnet,  and  the  aluminous  silicates. 
Though  much  intruded  by  granite,  it  maintains  its  type  to  the  west 
edge  of  Worcester  County,  and  at  places  farther  west  becomes  com- 
pletely gneissoid.  It  finds  some  use  as  a  whetstone.  This  is  the  most 
widely  extended  type  of  the  lower  formation  of  the  Carboniferous. 

The  alteration  of  the  Oakdale  into  the  Bolton  east  of  Worcester,  in 
the  Ballard  quarry  (PL  V,  Ay  p.  226),  and  into  the  Paxton  west  of 
Worcester,  in  the  Tatnuck  quarry,  has  been  described  in  detail  else- 
where.1 In  many  exposures  made  in  blasting  for  street  and  building 
improvements  the  transition  of  the  Oakdale  into  the  Paxton  has  been 
traced  along  the  strike.  The  Paxton  passes  in  pitching  folds  beneath 
the  Brimfield,  just  as  the  Oakdale  passes  beneath  the  Worcester.  For 
a  great  distance  north  and  south  of  Worcester  the  boundary  between 
the  Paxton  and  the  Oakdale  is  a  zone  rather  than  a  Line,  and  the 
transition  is  so  gradual  and  over  large  areas  the  change  is  so  slight 
that  a  new  name  was  hardly  needed.  The  boundary,  which  is  drawn 
about  parallel  to  the  adjacent  granite,  rats  across  the  strike  in  many 
places. 

A  short  distance  east  of  the  Worcester  region  the  Paxton  quarts 
schist,  in  my  opinion,  loses  its  identity  in  the  "  Bolton  "  gneiss, 
which  I  believe  has  derived  much  of  its  material  from  the  Paxton, 
perhaps  in  some  places  the  major  part,  and  has  thereby  become,  in 
effect,  only  a  more  quartxog*  porphyrinic  gneiss,  in  contrast  with  the 
Worcester  phyllite,  which,  with  its  content  of  carbon,  iron,  and 
alumina,  is  much  more  persistent  when  included  in  the  granite  and 
forms  a  dark  biotite  gneiss. 

YOUNGISH  CAKBOSirSaOCS  FOKXATIOKB. 

woncsrm  rjnxurx. 
General  character. — In  its  least  iliangrri  or  typical  phase  the  Wor- 
cester phyllite  ranges  from  soft  black  sL^te  or  phyllite,  partly  cnr- 

 ,   T 

1  Perry,  J.  H.,  and  Bmeraoa.  B.  E,  Th»  jjuiimi  of  ^aiwlu,  Mom.  p.  45,  ISO*. 
•Idem,  pp.  SO-aft,  IS  1-184. 
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bonaceous  and  partly  graphitic,  to  light  greasy  sericite  schist.  The 
prevailing  rock  is  thinly  fissile,  lead  gray,  with  corrugated  satiny 
surface,  generally  splitting  on  the  original  lamination  and  not  on  a 
secondary  cleavage.  Some  of  it  forms  a  good  roofing  slate  and  has 
been  extensively  quarried  in  Lancaster  and  Harvard.  Its  satiny 
surface  is  produced  by  the  recrystallization  of  its  clayey  material  into 
fine  scales  of  mica,  and  as  these  scales  grow  coarser  the  rock  grades 
into  mica  schist.  The  accessory  minerals  are  biotite,  ottrelite,  garnet, 
pyrite,  and  minute  chiastolite. 

In  the  Worcester  "coal  mine"  and  in  the  more  metamorphosed 
western  part  of  the  Narragansett  Basin  a  greenish-white  satiny 
fibrous  mineral  occurs,  filling  fissures  with  its  transverse  needles. 
It  was  originally  a  prochlorite,  possibly  made  fibrous  by  pressure, 
and  is  now  changed  in  part  to  silica  by  the  action  of  the  acids  formed 
on  the  oxidation  of  the  pyrite.1 

The  relations  of  the  typical  Worcester  phyllite  to  the  different 
types  of  schist  into  which  it  grades  laterally  are  explained  on  pages 
64-72. 

Fossils. — Stems  of  Lepidodendron  acuminatum  have  been  found 
by  Perry  in  great  slabs  at  the  Worcester  "  coal  mine."  * 

During  the  summer  of  1911  Mr.  David  White  examined  the  Wor- 
cester "  coal  mine  "  and  has  published  a  preliminary  notice  *  of  the 
result  of  his  study,  which  is  reprinted  in  part  below.  Mr.  White  con- 
firms the  determination  of  the  Worcester  phyllite  as  Carboniferous, 
and  adds  to  the  number  of  fossils  found  there. 

Though  these  beds  were  described  more  than  three-quarters  of  a  century 
ago  ami  have  been  visited  by  scores  of  geologists,  the  widest  views  have  pre- 
vailed regarding  their  age.  A*  often  happens  in  graphitic  argillites,  mineral 
or  cleavage  forms  accidentally  resembling  grsphitized  remains  of  plant 
fragments  are  plentiful.  Some  of  these  closely  Imitate  imperfect  fragments 
of  Cord ai tea.  Catamites,  I^pJdodeBdron,  etc  In  1883  a  specimen  was 
found  by  Prof.  Perry  which  appeared  to  be  a  true  fossil,  consisting  of  a  frag- 
ment of  a  Lepidodendron  stem  impression,  in  which  the  somewhat  indistinct 
leaf  cushions  were  still  cvnmaratirery  regular  In  their  qnincunxlal  arrange- 
ment This  specimen  was  submitted  by  Perry  to  Leo  Lesqoerenx  who  re- 
garded it  as  probably  belonging  to  Lepidodeninm  acumbuUnm,  a  Carbon- 
iferous species.  On  the  evidence  of  the  relatively  minor  degree  of  alteration, 
the  occurrence  of  the  graphitic  bed,  and  this  unfortunately  rather  obscure 
fossil/  Perry  and  Emerson  hare  courageously  insisted  on  the  Carboniferous 
age  of  the  phyllite,  notwithstanding  the  skepticism  of  most  geologists  and 
paleontologists,  some  of  whom,  denying  the  validity  of  the  fossil,  have  con- 
tinued to  regard  the  beds  as  not  younger  than  Algonfclan.  Spurred  by  criti- 
cism, Prat  Perry  continued  the  search,  with  the  result  that  after  16  years  the 

'Perry,  J.  H.,  and  Emerson,  B.  K,  Tfce  geoloflr  of.  Worcester,  Mas*,  p.  17,  1908. 

« Perry,  J,  H..  An.  Jocr.  Bet*  M  aut,,fel.  2*Vp.  Ml,  ««. .  Perry,  J.  H,  ead  Emeraoa, 
B.  K..  op.  eit,  p.  18  and  ess. 

» White,  Dartd,  Age  of  the  Worcester  phyBlte:  Waahtartoa  AeadL  Sri.  Joor,  rot.  S. 
p.  114,  mi. 

♦Another  spoefaaea,  sorer  reported  oo>  hy  a  poJeeatoAaciet,  U  mi*  to  hare  bee*  cent  to 
Colombia  Uatrarotty.  0  ; 
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counterpart  or  reverse  of  Uie  same  stem  fragment  Impression  whh  discovered. 
This  side,  however,  was  scarcely  more  distinct  than  the  other,  and  accordingly 
added  nothing  to  the  evidence  as  to  the  age  of  the  phylllte. 

Since  It  was  evident  that  in  the  midst  of  soft  clay  shales,  after  such  squeezing 
and  alteration  as  at  Worcester,  there  could  be  little  chance  for  the  recognisable 
preservation  of  the  delicate  types  of  land  plants  most  useful  for  age  determina- 
tion, the  writer  on  Uie  occasion  of  his  brief  visit  to  the  old  "  mine  "  In  Octo- 
ber, 1911,  set  about  the  search  for  either  clay  ironstones  or  pyrltic  nodules 
("nlggerheads")  which  when  occurring  In  the  shales  above  coal  beds  are  so 
often  found  to  contain  vestiges  of  more  or  less  decayed  but  undeformed  or- 
ganic structures.   The  expectation  that  such  sulphide  nodules  when  surrounded 
by  soft,  plastic,  and  therefore  compensating  material,  might,  if  present,  have 
escaped  serious  deformation,  was  essentially  borne  out  by  the  discovery  of 
concretions  containing  recognizable  fossils  In  the  graphitic  argillite.  However, 
contrary  to  expectation,  the  concretions  were  found  to  contain  brecclated 
shale  fragments  of  various  sizes  and  In  varying  attitudes.   It  appears  that  this 
shale  was  fractured  or  brecclated  prior  to  the  segregation  of  the  sulphide.  At 
present  the  interstices  between  the  shale  pieces,  some  of  which  were  found 
to  be  as  large  as  the  palm  of  the  hand,  are  largely  occupied  by  asbestiform 
prochlorite  (after  fibrous  pyrlte?),  though  more  or  less  iron  sulphide  is  present 
The  concretions  above  the  graphite  bed  in  the  phylllte  are  few  and  rather 
hard  to  extract,  and  the  Included  plant  fragments  in  the  particular  shale 
layers  represented  therein  appear  to  be  scarce  and  generally  small,  but  for- 
tunately they  are  fairly  distinct  and  practically  undisturbed,  the  pieces  of 
shale  being  less  deformed  so  that  the  paleobotanies!  details  are  clear.    In  the 
relatively  few  fragments  found  during  the  writer's  brief  search,  small  por- 
tions of  Cord  a  I  tea  leaves,  probably  C.  bortuHfoUtu,  are  relatively  plentiful. 
Other  fragments  Include  a  small  leaflet  of  Spbenopterls  comparable  to  g.  iick- 
tonicidc*  Stur;  an  isolated  leaf  cushion  of  Lepldodendron,  possibly  L.  obovo- 
tum;  a  Sporocystls,  and  a  small  Equisetacean  cone. 

Through  the  courtesy  of  Prof.  Perry  the  opportunity  has  been  given  the 
writer  to  examine  and  photograph  one  side  of  the  Lepldodendron  found  by  him 
in  gritty  schist  As  to  the  validity  of  this  impression  there  Is  no  room  for 
doubt  Though  the  bolsters  are  partially  defaced  and  alteration  products 
largely  mask  the  surface,  there  may  be  seen  at  several  points  Imperfect  outlines 
of  what  are.  presumably,  deformed  leaf  scars  Instead  of  mere  pseudo-fossils. 
The  trunk,  which  was  perhaps  a  foot  In  diameter,  may  have  belonged  to 
Lepldodendron  vclthdmil,  or  possibly  L.  obovotum.  ' 

Description  of  the  fossils  to  deferred  In  the  expectation  that  new  efforts 
will  bring  to  light  additional  material  In  the  protected  brecclated  shale  frag- 
ments. The  specimens  at  present  In  hand,  though  few  and  very  fragmentary, 
are  such  as  to  put  beyond  question  the  Carboniferous  age  of  the  phylllte  at 
Worcester,  thus  confirming  the  opinion  of  Profs.  Perry  and  Emerson.  Judging 
by  the  details  of  the  few  pieces  collected,  the  writer  suspects  that  further  dis- 
coveries will  show  the  beds  to  be  of  Pennsylvania^  possibly  Pottsrltle,  age. 

The  age  of  Uie  Worcester  phjllite  is  further  discussed  on 
pages  76-78.  ••  <  r, 

CAiattotite  tckist.—Tht  small  points  of  three  granite  masses  ere 
exposed  by  erosion  near  the  centers  of  the  large  areas  of  chiastolite 
schist  in  Lancaster  and  Sterling.  These  broad  halo*  of  chiastolite 
rock  lie  in  the  midst  of  an  extensive  area  of  the  least  altered  Worces- 
ter pbyllite,  and  the  one  grades  into  the  other. 
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The  chiastolite  is  present,  first,  in  small,  black,  dense,  and  hard 
spots;  second,  in  prismoid  masses  of  the  same  character  with  irregu- 
lar and  indefinite  boundaries;  third,  as  the  well-known  chiastolites 
with  cylindrical  shape  and  taper  ends,  some  of  them  6  inches  long 
and  1  inch  in  diameter  (the  largest  perfect  prisms  are  1  inch  long) ; 
fourth,  in  the  same  shapes  but  changed  into  fine  to  quite  coarse 
muscovite;  fifth,  prismatic  shapes  like  staurolite,  but  now  composed 
of  coarse  matted  mica. 

It  is  clear  that  the  first  waves  of  heat  from  the  intruding  granitic 
magma  produced  autogenous  solutions  of  aluminous  silicate  from 
the  clay,  which  crystallized  in  the  black  clay  without  moving  it,  but 
formed  the  irregular  black  spots  while  there  was  much  more  carbon 
in  the  rock  than  now.  Later  movement  of  the  plastic  shale  distorted 
these  forms  and  discharged  the  excess  of  carbon  from  the  surround- 
ing rock.  ■.•*»'> j^floo  *t&fsMjt-'wilf?i  ti'i 

The  complete  chiastolite  crystals  have  black  squares  in  their  cen- 
ters, which  commonly  increase  in  size  from  one  end  to  the  other,  and 
black  plates  radiate  from  the  corners  of  these  squares  to  the  corners 
of  the  prism.  The  black  square  represents  the  first  stage  of  feeble 
crystallization.  Later  the  pure  material  was  drawn  strongly  to  the 
sides  of  the  prism,  forming  pure  white  andalusite,  and  weakly  to  the 
corners,  producing  the  dark  plates  in  cruciform  position.  The 
tapering  of  the  dark  center  shows  that  the  favorable  condition 
passes  slowly  from  one  end  to  the  other  of  the  crystal.  In  the  clear 
triangles  the  microscope  shows  an  oscillation  of  greater  and  lesser 
purity  in  planes  parallel  to  the  prism  faces,  showing  an  alternation 
of  more  or  less  favorable  conditions.  The  material  in  some  of  the 
crosses  grows  more  coarsely  crystalline  outward  and  contains  less 
carbonaceous  matter,  showing  that  the  process  of  change  in  the  rock 
went  on  during  the  crystallization.  The  crystals  are  cigar-shaped, 
more  or  less  tapering  forms  instead  of  square  prisms,  though  show- 
ing a  quadratic  structure  in  cross  section,  because  the  increasing 
condensation  of  the  clayey  matrix  gradually  damped  down  the 
crystallizing  force  to  zero.  Many  of  the  crystals  are  distorted, 
showing  that  the  chemical  and  physical  changes  went  on  together. 
Alkaline  solutions  from  the  granite  afterward  changed  the  crystals 
into  matted  muscovite  scales,  and  in  many  places  the  steps  of  this 
process  and  its  blending  with  continued  movement  can  be  seen. 
The  change  extends  in  opposite  directions  from  some  of  the  dark 
plates,  the  mica  plates  diverging  from  a  central  suture.  In  some  of 
the  rock  the  change  to  mica  appears  at  the  surface  and  proceeds  in- 
ward to  the  center.  The  same  solutions  changed  the  more  ferru- 
ginous crystals  of  staurolite  to  matted  plates  of  muscovite  and  biotite 
and  the  clay-  slate  into  a  mica  schist  full  of  minute  crystals  of  green 
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tourmaline.  Much  of  the  chiastolite  is  dissolved,  and  deep  cavities 
each  shaped  like  a  four-leaved  clover,  are  left  in  the  rock;  as  the 
mica  increases  in  amount  these  cavities  decrease.  The  rock  nearest 
the  granite  becomes  a  distinct  mica  schist  of  the  type  of  the  Boylston 
pink  andalusite  schist  and  forms  a  transition  zone  both  along  and 
across  the  strike. 

Harvard  conglomerate  lentil. — A  mass  of  crushed  conglomeratic 
rock,  500  feet  wide  and  1  mile  long,  occurs  northwest  of  Harvard 
village  and  lies  on  an  isolated  block  of  Worcester  phyllite  sur- 
rounded on  all  sides  by  granite.  A  conglomerate  mass  of  similar 
relations  and  dimensions  forms  the  summit  of  Vaughn  Hill,  3  miles 
to  the  southwest.  Ice-scratched  bowlders  of  similar  rock  appear  at 
Bolton  station  and  at  George  Hill  in  Lancaster,  which  must  have 
come  from  another  locality. 

The  rock  is  a  breccia  rather  than  a  conglomerate,  as  the  compo- 
nent blocks  are  in  general  sharply  angular.  They  differ  greatly  in 
size ;  one  block  measures  1£  by  3  by  5  inches,  another  4  inches  on  one 
tide.  In  other  places  a  considerable  surface  would  show  blocks  all 
about  an  inch  long. 

The  blocks  are  as  diverse  in  character  as  they  are  in  size.  They 
are  mainly  quartzite  but  of  several  kinds  of  quartzite.  In  other 
specimens  the  fragments  are  all  slate  but  of  several  kinds  of  slate. 
The  interstitial  matter  is  a  fine  clay  slate  like  the  adjacent  argillite. 
These  are  all  characteristics  of  tillite,  and  the  Squantum  tillite  *  is 
the  only  known  rock  in  the  State  with  which  this  bed  can  be  com- 
pared; the  two  may  be  of  about  the  same  age.  Some  of  the  blocks 
have  been  distorted  by  pressure,  others  have  not,  and  the  undisturbed 
blocks  bear  a  strong  resemblance  to  tillite.  The  larger  quartzite 
blocks  look  like  the  Algonkian  Westboro  quartzite,  but  under  the 
microscope  the  resemblance  is  not  close.  The  quartzite  of  the  smaller 
blocks  ranges  greatly  in  size  of  grain  but  is  generally  made  up  al- 
most wholly  of  well-rounded  grains  0.1  to  1  millimeter  in  diameter 
with  different  amounts,  in  some  specimens  large  amounts,  of  fine- 
grained black  material  evenly  distributed  between  them. 

The  Carboniferous  Oakdale  quartzite  is  of  finer  grain  and  every- 
where biotitic.  The  Algonkian  Westboro  quartzite  is  of  less  rounded 
grain  and  is  commonly  actinolitic  Both  contain  no  interstitial 
material  Quartz  sand  so  fine  in  grain  could  have  been  rounded 
only  by  the  wind,  and  these  blocks  must  have  been  derived  from  an 
eoliaa  sandstone.  The  specimen  from  which  the  slide  shown  in 
Plato  VIII,  B  (p.  244),  was  taken  shows  a  weathered  surface 
where  all  the  bleached  angular  blocks  are  of  the  two  kinds  of  sand- 
stone, and  on  the  other  side  of  this  block  is  a  large  angular  piece  of 
black  slate.  The  thin  section  of  this  rock  is  made  up  of  fragments 

'SftW*  H.  W„  and  UFon«,  Uurraw,  Tb.  glacial  ortfia  of  tke  Boxbnry  eoMlosv 
•rata :  Selene*,  aew  .«r„  vol.  S3,  p.  71S,  mo. 
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of  the  eolian  sandstone  of  different  grain  and  of  the  more  angular- 
grained  Westboro  quartzite  inclosed  in  argillitic  material  beautifully 
affected  by  incipient  strain  cleavage. 

Another  interesting  block  was  made  up  of  many  such  black  grains 
and  others  of  coarse  vein  quartz,  both  about  half  an  inch  across  and 
partly  rounded,  and  many  well-rounded  pebbles  of  the  eolian  sand- 
stone, some  almost  colorless,  others  more  and  more  blackened  by  the 
large  amount  of  intervening  black  fine-grained  matter. 

Plate  VIII,  B  (p.  244),  shows  a  thin  section  magnified  five 
diameters.  The  partly  rounded  vein  quartz  pebbles  (q)  stand  out 
very  clearly,  are  about  one-eighth  inch  across,  and  show  that  coarse 
quartz  veins  or  pegmatite  furnished  part  of  the  material. 

The  flat  slate  fragments  are  much  larger  and  only  slightly  rounded 
They  are  much  darker  in  the  picture  than  in  reality;  a  to  d  are 
almost  colorless ;  e  has  a  faint  greenish-yellow  tint  They  are  com- 
posed of  a  mat  of  minute  equal-sized  sericite  scales.  The  well-rounded 
pebbles  /  and  g  are  black  from  coaly  matter  and  are  about  the 
size  of  the  quartz  pebbles  (q).  Where  very  thin  they  are  trans^ 
lucent,  aphanitic,  and  nonpolarizing,  like  black  opal;  g  contains 
a  well-rounded  pebble  of  the  eolian  sandstone  with  much  black  inter- 
stitial matter.  Besides  g  there  are  many  similar  perfectly  rounded 
pebbles  (1  to  6),  made  up  of  well-rounded  wind-blown  grains  of 
different  sizes  and  cemented  by  the  black  dost  in  different  amounts; 
1  is  a  perfectly  rounded  pebble  and  indents  a;  2  is  finer  in  grain  and 
is  cut  off  against  a;  3  indents  2.  These  pebbles  are  much  more  dis- 
tinct under  the  microscope  than  in  the  photograph;  thus  3  and  6  are 
very  clear. 

These  perfectly  rounded,  egg-shaped  eolian  sandstone  pebbles  are 
surely  not  in  the  same  category  as  the  subspherical  quartz  (q)  and 
black  pebbles  (g),  because  they  are  more  perfectly  and  differently 
rounded  and  g  contains  one  of  these  sandstone  pebbles.  We  may, 
I  think,  assume  that  these  pebbles  ..came,  out  of  a  conglomerate  bed 
which  was  in terst ratified  with  the  bed  from  which  g  was  derived 
or  formed  a  continuation  of  it. 

The  interstitial  matter  consists  wholly  of  quartz  grains,  the  larger 
ones  of  the  vein  quartz,  the  smaller  ones  apparently  derived  from 
the  crashing  of  some  of  the  sandstone  pebbles.  This  black  portion 
of  the  Harvard  conglomerate  was  derived  from  an  unknown  rock 
which  contained  (1)  pegmatitic  vein  quartz,  (2)  a  gray  fine-grained 
sericitic  phyllite,  (8)  an  unknown  series  containing  a  black  pebble- 
bearing  flinty  .rock  and  a  conglomerate  of  similar  pebbles ;  these 
pebbles  are  made  op  of  wind-blown  sand  of  unknown  origin. 

  — -  -   -  -     l.  j   mm  nmt  .fc 

BOTXJTOY  SOXXBt. 

The  Boylston  schist  in  Boylston  is  a  ragged,  coarsely  micaceous 
rock  which  commonly  lacks  fissility  because  the  muecovito  scale*  are 
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crushed  and  crumpled  together.  In  many  places  it  is  crowded  full 
of  square  prisms  of  andalusite  about  an  inch  long,  changing  to 
sericite,  and  imperfect  garnets,  changing  to  chlorite.  It  is  a  coarse 
contact  "hornfels"'  produced  by  the  same  agency  that  made  the 
chiastolite  schist,  described  above,  acting  more  intensely.  It  sur- 
rounds the  granite  in  Boylston  in  a  belt  half  a  mile  wide,  and  its 
transition  into  the  Worcester  phyllite  is  perfectly  exposed  on  Cider 
Mill  Hill.  It  may  be  very  coarse,  as  east  of  Bare  Hill  Pond  in  Har- 
vard, where  irregular  masses  of  pure  flesh-colored  andalusite  as  large 
as  one's  fist  are  inclosed  in  coarse  muscovite,  or  farther  north  in 
Westford,  where  the  perfect  andalusite  prisms  rival  those  of  Anda- 
lusia. 

These  andalusite  prisms  are  commonly  very  abundant  and  perfect, 
as  on  Maiden  Hill  south  of  Oakdale.  and  are  generally  small,  but 
some  of  them  are  an  inch  square  and  4  to  8  inches  long.  Farther 
north  there  are  crystals  of  staurolite,  which  are  full  of  the  original 
carbonaceous  matter  and  show  the  delicate  faults  of  an  incipient  cleav- 
age. This  carbon  is  now  concentrated  in  graphite  in  the  rest  of  the 
rock,  showing  that  the  staurolite  formed  before  the  metamorphism 
of  the  groundmass  was  completed.  The  rock  here  shows  much 
fibrolite  intergrown  with  the  andalusite,  with  the  axes  parallel  and 
the  fib roli te  growing  far  beyond  the  surface  of  the  andalusite.  The 
fibrolite  was  formed  later,  at  a  higher  temperature,  and  does  not  in- 
clude carbonaceous  matter.  Thus  the  Boylston  is  intermediate  be- 
tween the  Worcester  and  the  Brimfield-  As  a  third  stage  fine  sericite 
or  coarse  muscovite  may  replace  both  minerals,  eating  into  them  in 
bands  whose  sutures  form  exact  pseudomorphs  or  growing  far  be- 
yond their  limits  in  plates  that  were  crumpled  by  their  own  intense 
crystallization.  Small  spots  of  blue  cordierite  appear  in  places,  and 
minute  needles  of  tourmaline  have  been  crystallized  from  the  solu- 
tions derived  from  the  granite. 

OXTOXJD  BUaUS'l. 

South  of  Worcester  the  Worcester  phyllite  grades  along  the  strike 
into  a  lead-gray  mica  schist,  full  of  large  black  crystals  of  garnet  and 
staurolite  and  containing  tourmaline  derived  from  the  granite.  In 
places  it  is  silvery  white  from  the  absence  of  both  graphite  and  biotite 
Subordinate  beds  of  this  schist  containing  fine  staurolite  twins  ap- 
pear in  the  Boylston  schist  akmg  the  shore  of  the  reservoir  a  mile 
west  of  Boylston  Center.  The  main  mass  occupies  a  broad  area 
extending  south  from  Worcester  across  Auburn  into  Oxford,  from 
which  town  it  is  named.  .  •    ,t  *<l©  «t>  t/bam  &**  mU 

uodios  kiitit 

General  character. — The  Brimfield  schist  is  the  most  marked  and 
most  widely  distributed  of  the  meumorphic  formations  assigned  to 
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the  Carboniferous.  The  rock  is  a  uniform  coarse  red-brown  mus- 
covite schist  containing  much  biotite,  fibrolite  (commonly  derived 
from  an  antecedent  andalusite),  and  graphite,  and  so  much  pyrite 
that  it  is  wholly  rusted  in  many  of  the  deepest  openings.  It  forms 
deep  brown  soils  and__abundant  efflorescence  of  copperas,  formerly 
used  for  dyeing,  ani  names  like  Dyestone  Bock,  Alum  Pond,  and 
Copperas  Hill  common.  The  formation  was  named  for  its 
occurrence  at  Brimfield,  Mass. 

East  of  Worcester  phyUite. — East' of  the  Worcester  phyllite  a  long, 
narrow  strip  of  the  Brimfield  schist  is  infolded  in  the  "Bolton" 
gneiss  near  its  east  edge  and  extensive  irregular  areas  appear  on  the 
"  Bolton "  everywhere,  especially  in  the  southern  part  of  the  State. 
This  strip  is  generally  bordered  and  cut  by  diorite  and  contains 
along  its  western  border  several  interesting  derivatives  of  limestone 
beds.  Large  areas  of  this  schist  appear  also  farther  east,  next  to  the 
Algonkdan  (!)  in  Marlboro.  Where  the  schist  is  more  influenced 
by  the  granite,  cordierite  is  formed  with  the  fibrolite,  and  as  similar 
patches  continue  far  northeast  over  the  Andover  granite  I  interpret 
the  occurrences  of  fibrolite  and  cordierite  in  muscovite-biotite  granite 
cited  by  Sears,  as  at  Market  Bidge  in  North  Andover,  as  remnants  of 
the  Brimfield. 

Another  belt  of  Brimfield  schist,  bordered  in  a  few  places  by  nar- 
row strips  of  Boylston  schist,  not  all  of  which  are  mapped,  occupies 
the  part  of  the  Merrimack  trough  between  Shrewsbury  and  Lowell 
and  furnishes  the  fine  andalusites  of  Westford.  North  of  Wata- 
quadoc  Hill,  in  Bolton,  this  belt  for  a  mile  or  so  adjoins  the  Wor- 
cester phyllite  and  its  altered  phases  in  the  Worcester  trough;  The 
rock  of  this  belt  is  more  resistant  than  that  on  either  side  and  it  forms 
a  bold  range  of  steep-sided  hills  as  far  northeast  as  Littleton  depot 
and  a  range  of  broader,  lower  hills  through  Westford  and  nearly  to 
Lowell.  *aft$o^^t|i^s'!  .  ,  ;nr-**jfc-.ir>--T.L.-1.--  •,.£»  jtn.r 

West  of  Worcester  pAyEtte.— The  Brimfield  schist  occupies  a  Urge 
part  of  the  western  half  of  Worcester  County  and  extendi  west, 
north,  and  south  far  beyond  the  limits  of  the  county.  It  is'  very 
generally  so  soaked  with  granitic  material  in  small  lenses,  veins,  and 
filaments  that  it  has  become  a  composite  rock  or  a  gneiss  whicb  still 
retains  largely  the  aspect  of  (he  schist  from  which  it  was  derived. 
Where  least  coo  tarn  busted  by  granitic  material  it  is  a  coarse  deep- 
brown  biotite- muscovite  schist  in  whieh  the  red-brown  shade  of  the 
biotite  is  characteristic  A  fine  amber  fibrolite  is  very  common. 
Crystals  of  clear,  pink  garnet  are  abundant,  and  their  easy  decom- 
position gives  the  rock  its  rusty  color  in  part,  but  there  is  commonly 
much  pyrite,  which  causes  the  rock  to  alake  and  cover  the  surface 
with  an  effiorescence  of  salts  of  iron  and  aluminum  and  deep  streaks  of 
*n»t.  Near  the  Coya  Hill  granite  in  the  eastern  part  of  Ware  and  Mon- 
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son  the  schist  contains  nodular  masses  of  perfectly  fresh  and  limpid 
moonstone,  whose  chatoyant  luster  is  caused  by  exceedingly  minute 
parallel  rods  of  albite.  The  feldspars  are  commonly  20  to  30  milli- 
meters across  and  generally  each  consists  of  a  single  apparently  un- 
twinned  crystal  in  which  high  powers  of  the  microscope  show  micro- 
cline  structure.  The  layers  of  the  schist  wrap  around  them  so  that 
they  seem  like  pebbles.  Many  of  them  are  surrounded  by  a  border 
of  sugary  white  granular  feldspar,  caused  by  the  crushing  of  the 
border  of  the  mass,  and  the  granular  material  is  drawn  out  into  tails 
of  the  limpid  feldspar  in  the  red-brown  schist.  They  are  unstrained 
and  have  grown  like  potatoes  in  a  hill  where  the  schist  was  re- 
lieved of  pressure  during  folding,  and  some  of  the  adjacent  schist 
seems  to  retain  traces  of  ripple  marks.1  They  inclose  garnet  and 
graphite,  but  not  fibrolite.  Near  the  Hubbardston  granite  in  Stur- 
bridge  there  is  an  extensive  development  of  a  coarsely  banded,  por- 
phyritic  rock  crowded  with  large  crystalline  plates  of  graphite,  even 
in  the  feldspars,  and  the  amber  fibrolite  of  the  schist  is  recrystallized 
in  large  sheets  of  a  white  fibrolite  (bucholzite) .  This  rock  forms  a 
passage  in  central  Sturbridge  to  the  Hubbardston  granite.  Before 
the  intrusion  of  the  granites  the  Brimfield  occupied  nearly  the  whole 
surface  of  western  Worcester  County,  and  it  is  still  the  most  extensive 
formation.  The  rock  is  thrown  into  great  north-south  synclines, 
which  are  folded  into  the  Paxton  quartz  schist,  and  its  continuity  is 
much  interrupted  by  the  broad  areas  of  intruded  granite.  The  rock 
represents  that,  part  of  the  clayey  beds  of  the  "  Coal  Measures  "  which 
was.  originally  very  coaly  and  therefore  very  pyritous,  and  which  has 
been  most  thoroughly  baked  by  the  large  masses  of  granite,  soaked 
by  the  alkaline  solutions  from  them,  and  intruded  to  a  greater  or 
lesser  extent  by  them.  So  the  graphite  scales  and  pyrite  have, formed, 
soma  part  of  the  iron  has  gone  into  garnet  and  biotite,  and  the  cjay_gy_ 
part  of  the  ni^reTiOii>fl_fTyKf,Blli7i>d  into  forrrtit^  much  of  which 
has  been  changed  over  into  a  fibrous  muscovite  by  the  action  of  the 
later  »lks)>"e  solutions  from  the  granite,  which  have  also  increased 
the  content  of  mica  and  added  most  of  the  abundant  feldspar.  ^ 
Cordierite  and  ^edntephave  thus  formed  on  the  contact  of  the  granite. 
The  Brimfield  rusts  very  deeply  and  makes  deep  red  soils,  which 
excite  false  hopes  of  workable  ores  of  iron.  Because  of  the -iron 
sulphate  formed  the  rocks  stain  and  crumble  easily,  and  the  copperas 
thus  formed  was  once  used  in  dyeing  as  stated  above  (p.  69).  The 
acid  waters  sometimes  even  curdle  milk  and  blacken  tea. 
West  of  the  broad  area  described  above  a  remarkable  narrow  band 

of  the  same  schist,  nearly  24  miles  long  and  only  about  half  a  mile 

.  — i   .  ,  ,  .  ...  .jjr 

*  Am.  OvoloclKt,  vol.  80,  p.  n,  pi.  tt  Ac  2.  IMS. 
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wide,  runs  in  the  granite  with  a  constant  character  from  Dana  to 
Monson.  It  forms  generally  a  line  of  high  hills.  A  narrow  band  of 
the  Dana  diorite  borders  it  on  either  side. 

Sturbridge  graphite  mine. — The  widely  disseminated  graphite  has 
suggested  mining  in  many  places  but  has  been  found  in  promising 
amount  only  at  the  "lead  mine"  in  Sturbridge,  where  since  1640 
repeated  attempts  have  been  made  to  work  the  deposit,  the  last  in 
1903  or  1904,  and  a  deep  shaft  and  extensive  open  workings  remain. 

The  deposit  is  in  a  series  of  flat  pockets,  3  or  4  inches  in  thickness, 
placed  with  the  bedding,  but  not  very  extensive  in  this  plane.  The 
bed  is  near  the  base  of  the  Brimfield  schist  and  in  the  zone  of  strong 
influence  of  the  granite.  Prof.  G.  II.  Haynes,  of  the  Worcester 
Polytechnic  Institute,  has  written  an  interesting  history  of  the 
ancient  mine,  "  The  tale  of  Tantiusques,  an  early  mining  venture  in 
Massachusetts,''  *  which  gives,  with  abundant  citations  of  the  Win- 
throp  papers,  the  long-continued  attempts  of  John  Winthrop,  jr., 
from  1644  on  to  work  this  mine,  and  its  subsequent  extensive  work- 
ing by  many  owners. 

Brown  gedrittt-cordierite  schist  beds  in  Brimfield  schist. — A  pretty 
clear  distinction  can  be  maintained  between  the  brown  hornblende 
schists  found  in  the  Brimfield  schist  or  in  the  adjacent  granite  and 
derived  from  portions  of  the  schist  recrystallized  in  the  granite  and 
the  greenish-black  schistose  diorites  or  amphibolites  formed  by  dif- 
ferentiation on  the  border  of  the  granite  and  an  integral  part  of  that 
rock. 

The  brown  schists  here  considered  in  many  places  contain  cordierite 
and  also  all  the  constituents  of  the  rusty  Brimfield  schist.  Cordierite 
is  quite  abundant  in  the  first  cut  west  of  Ware  station  and  occurs  in 
coarse  granite  at  the  contact  with  the  Brimfield  at  the  old  locality  of 
cordierite  on  the  Warren  road  near  the  town  line  and  on  Shumway 
Hill  in  Sturbridge.  The  complex  twinning  is  figured  in  Monograph 
29  (PL  IH,  fig.  2).  A  hematitic  cordierite  occurs  in  large  well- 
cleaved  and  twinned  anhedra,  with  much  calcic  plagioclase,  titanita, 
and  rutile,  in  the  Brimfield  schist  in  Enfield  by  the  roadside  a  mile 
southwest  of  Davis  Pond. 

A  cqrdierite-gedrite  schist  occurs  in  a  considerable  layer  in  the 
Brimfield  opposite  the  school  southwest  of  West  Ware.  The  large 
well-twinned  pleochroic  cordierite  anhedra  are  associated  with  stout 
blades  of  hairlike  brown  gedrite  like  that  on  Tully  Mountain  in 
Warwick,'  which  forms  a  thick  bed  and  changes  into  a  great  bed  of 
steatite.  Analyses  of  the  gedrite  are  quoted  on  page  74. 

1  Am.  Ant  Roe.  Proe_  Worcester,  lien.,  IMS.    Tb*  Winthrop  papen  arc  prewrrod.  im 
(ft*  library  of  thU  aocfcty. 
'tJ.  S.  OeaL  Surrey  BnU.  186,  p.  86,  18*6. 
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^es  south  of  Soothbnte^^  «^g^thbridgB  Ullage, 
which  appear  in  the  center  and  west  edge  o  *  ^ 

My  also  be  altered  *^J^£ "J^f  East  Brimfield 

WESTERN  BOKBBB  OF  THE  CARBOHTFEKOUS  AREA. 
.     6XXZHAL  CHARACTEK  OF  THE  BOCM. 

schists  a  change  occurs  in  a  zone  P*^^u™  _dd  ^  loses  ita 
wick  village  obhquely  across  the  strike  ^^^garnet  and 

C^'  tS.^*  J-A  n 
becomes  a  coarse  wavy  sunaceu  sUurolite,  spangles  of 

to  .soger,  '""^CliS  or  curiae  end 

heertbstonee,  which  becomes  more  or  less  Semitic  or  ™ 

oTrCuVJolb.  Aore  for  the  fonoetioo  of  conglomereta. 
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The  series  gradually  develops  as  many  resemblances  to  the  older 
Savoy  (Ordovician)  and  Conway  (Silurian?)  schists  west  of  the 
Connecticut  as  to  the  Carboniferous  Brimfield  and  Paxton  east  of  the 
broad  Greenwich  Valley.  Many  years  ago1  I  correlated  these  beds 
east  of  the  Connecticut  with  the  western  Silurian,  and  as  they  all  run 
together  in  Warwick,  a  few  miles  north,  and  unite  there  with  the 
Brimfield,  this  was  also  thought  to  be  Silurian. 

As  the  transition  in  Warwick  of  the  mica  schists  of  this  series 
into  the  Brimfield  seems  on  reexamination  to  be  well  established,  and 
as  the  quartzite  of  this  series  is  in  places  indistinguishable  from  the 
Oakdale,  whereas  the  mica  schist  becomes  in  places  a  black  carbona- 
ceous slate  like  that  at  Worcester,  the  series  is  now  interpreted  as 
a  peculiar  shoreward  variant  of  the  Carboniferous.  It  differs  so 
much  in  lithologic  facies  from  the  rocks  of  Worcester  County  that 
its  divisions  can  properly  be  designated  by  different  names.  The 
western  beds  in  the  crushed  zone  of  the  border  of  the  Connecticut 
Valley  are  most  metamorphosed.  The  eastern  band  south  of  New 
Salem  assumes  almost  the  facies  of  the  Brimfield  schist. 

EE  VINO  HORNBLENDE  SCHIST. 

The  Erving  hornblende  schist  is  a  fissile  fine-grained  schist  com- 
posed largely  of  shining  black  hornblende  needles,  either  parallel  or 
lying  confusedly  in  a  common  plane  in  a  ground  of  clastic  quartz 
grains,  many  of  which  show  enlargement.  In  many  places  it  passes 
into  a  gray  tremolitc-actinolite  schist  that  contains  many  needles, 
composed  of  actinolite  in  the  middle  and  tremolite  at  the  ends,  or 
into  a  garnet-bearing  chlorite  schist,  the  chlorite  being  pennine. 
Epidote  is  abundant,  much  of  it  in  lenses  or  layers  of  the  pure'min- 
eral.  The  feldspar  is  largely  untwinned  and  commonly  incloses 
several  quartz  grains.  In  places  it  closely  resembles  the  banded 
contact  diorite.  The  diorite,  however,-  has  hornblende  with  brown 
absorption  on  c  instead  of  blue,  leucoxene  in  place  of  epidote,  and 
more  black  ore.   An  analysis  of  this  rock  is  quoted  on  page  74. 

Above  the  Chaffee  place  in  Stafford,  a  mile  west  of  State  Line 
Pond,  is  a  thick  bed  of  hornblende  coticule.  Its  alternate  layers  are 
flesh-colored  and  black;  the  flesh-colored  are  formed  of  fine  quartzite, 
crowded  with  minute  perfect  dodecahedral  garnets;  the  black  are 
composed  wholly  of  the  same  perfect  garnets  and  hornblende  blades. 
The  formation  is  named  for  its  occurrence  at  Erving,  Mass.     ,  > » 


>U.  B.  OcoL  lartv  Hoc  29,  pp.  Ml -Ml.  ISM. 
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Chemical  composition  of  lioniblende  schists  and  other  mafic  rocks  from  Massa- 
chusetts and  Vermont. 


|L.  O.  Eakins  (1-7  and  9)  and  E.  A.  Schneider  (8), analysts.] 
 I   I  \  
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1  Heath  Mass   W  M  Sanford's place.   Forphyritic  hornblende  schist  in  Ooshcn  schist.  (Seep.  46.) 

2.  Whitmores  Kerry,  Sunderland,  Mass.  Thin,  shaly,  aphanitic  hornblende  schist  in  Conway  schist, 
project iag  through  Triassic sandstone.   (Seep.  47.) 

3  GuQJord,  Vt.  Shining-black,  Baggy  hornblende  schist:  long  bed  in  Conway  schist.   (See  p.  47.) 

4^  Worthington,  Mass.  In  llawley  schist;  nearly  all  material  is  composed  oi  simple  matted  black 
hornblende  needles.  (Seep.  43.)  _.  .   .  ,  '  .  ,„ 

5.  Berhardston,  Mass.  R.  Park's  place.  Black,  heavy,  massive  hornblende  rock.  Devonian.  (See 

P  6<9SouU)  Leverett,  Mass.  Llgnhorm  deep-green  hornblende  schist  (=Erving  hornblende  schist).  (See 

P77Sc!oshen,  Mass.  Hornblende  schist  base. of  the  "anvil"  (armed  by  solution  and  replacement  of  the 
block  of  Impure  limestone  and  thus  certainly  derived  from  limestone  of  Conway  age.   (See  p.  46.) 

8.  Richmond,  vt.  Gedrite, fresh  material.  From  Dana diortte,  eruptive.  (Seep.  244.) 

».  Rjchmond.Vt.  Gedrite,  average  rock.  (Seep.244.) 

These  analyses  are  brought  together  for  comparison.  One  (No.  7) 
is  certainly  sedimentary;  all  the  others  except  No.  5  are  probably 
sedimentary,  and  that  one  is  possibly  so.  From  their  composition 
they  could  be  either  sedimentary  or  igneous.1  I  use  the  term  horn- 
blende schist  wherever  the  hornblendic  rock  is  believed  to  be  sedi- 
mentary and  diorite  (or  diorite  schist  where  the  rock  is  foliated) 
for  hornblendic  rocks  believed  to  be  igneous. 

QCABIN  QUARTZITE. 

The  arenaceous  formation  of  the  western  Carboniferous  area  re- 
tains in  places  the  Oakdale  type  where  the  fades  of  the  mica  schist 
has  changed  and  after  the  hornblende  schist  has  developed  in  it. 
This  change  has  occurred  from  Palmer  village  to  the  sooth  foot  of 
Quabin  Mountain.  The  Oakdale  grades  into  a  thick-banded  white 
sugary  quartzite,  which  becomes  schistose  by  the  development  of 
pale-green  chlorite  or  greasy  muscovite.  In  places  it  contains  lime- 
stone and  many  large  shapeless  masses  of  mica  and  large  garnets 
and  grades,  by  the  development  of  hornblende  and  tremolite,  into 
hornblende  schist  The  f  asciculite  or  radiated  hornblende-quartzite 
in  Quabin  Mountain  and  Palmer  is  a  variant  of  the  Quabin  quartzite 
that  resembles  the  western  Hawley  schist. 


>  BounbMCb,  H.,  Element*  der  Ocateiaalenr*,  2d  ed-,  pp.  880,  BOB,  UOL 
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Across  Prescott  and  Enfield  the  rock  is  largely  a  white,  friable 
sandstone  made  foliated  by  wavy  films  of  a  white  to  pale-green 
sericite,  which  may  increase  so  as  to  require  the  name  sericite  schist 
for  the  rock,  but  the  quartzite  type  persists  and  the  rock  is  in  some 
places  biotitic  or  garnetiferous.  It  makes  a  great  portion  of  Quabin 
and  Felton  mountains  as  a  pure,  white,  sugary  quartz  rock,  in  many 
places  flaggy,  and  was  formerly  used  as  hearthstones  for  iron 
furnaces. 

The  long  ridge  south  of  Peaked  Mountain  in  Monson,  especially 
where  it  crosses  the  Somers  turnpike  near  a  school  1J  miles  west  of 
State  Line  Pond,  is  composed  of  a  fine  quartz  conglomerate  that  con- 
tains slightly  flattened  quartz  pebbles  1  to  2  inches  long  and  a  few 
large  garnets  in  a  muscovitic  matrix.  This  conglomerate  continues 
to  the  south  line  of  the  area  mapped  where,  along  the  east  foot  of  the 
ridge,  the  Quabin  is  developed  into  the  purest  white  granular  quartz- 
ite. A  mile  west  of  the  conglomerate  locality  the  western  band  is  a 
quartzite  containing  both  muscovite  and  biotite  mica,  a  little  actino- 
lite,  and  many  stout  blades  of  a  white  kyanite.  This  rock  was  for- 
merly celebrated  as  a  firestone,  and  in  Stafford,  Conn.,  at  Chaffee's 
place,  4  miles  south  of  Peaked  Mountain,  are  great  quarries  and  a 
mill  where  it  was  sawed  50  years  ago. 

A  sample  of  what  seemed  to  be  a  pure  fine-grained  micaceous 
aplite  from  a  point  just  west  of  the  hornblende  schist  on  the  top  of 
Fallon  Hill  in  Enfield  proved,  on  analysis,  to  be  a  strongly  musco- 
vitic quartzite.  The  microscope  showed  an  even-grained  fine  quartz 
sand,  with  many  somewhat  large  albite  grains  and  muscovite  plates. 
Enough  of  the  latter  two  minerals  are  present  to  give  exactly  the 
composition  of  a  soda  granite — belonging  to  kallerudose. 

Chemical  composition  of  •Mtic  quartzite,  FnUon  HUL1 
[George  StMgrr,  analyst.) 

 77.09    KjO   L  50 

  .07    HrOatMS'C   .28 

 15.60    EUO  above  105*  C   .48 

  .*a   

  .70  99.77 
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IMHHIt  SCHIST. 

The  Amherst  schist  is  at  its  base  a  coarse  lead-gray  mica  schist, 
generally  without  accessory  minerals.  This  lead-gray  schist  is  suc- 
ceeded above  by  a  finer-grained  corrugated  mica  schist,  which  is  dark 
gray  from  graphite  and  abounds  in  dark-red  garnet  and  red-brown 
biotite,  set  transversely  to  tike  bedding.   This  is  much  like  the 

1 V.  a  Gool.  Surrey  BnU.  228,  p.  40,  1M4L    The  rock  U  there  wtos*!/  ctdladVpllte,  prob- 
ably from  my  incorrect  interpretation  beta*  tttty  «f  thin  wrrl— ■■ 
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spangled  Conway  schist  .est  ofthe  river,  and  the  roe,  retains  this 
structure  in  places  clear  aero* theSt ate  bundantl  in  the  hills 
The  most  altered  form  of  the  aP£"  muscovite  schist.  It  is 
east  of  Mount  Toby  as  a  -ry  coars,  ^  «  ™™  &cTf)SS  Am. 
greatly  entangled  in  the  ab undan  { J^££  »  ^  shall  ^  drawn 

trst  it  is  only  ""f^X^  ^£  g^at  lenses  of  pegma- 
between  the  rusty  Amherst  schist  toiiea  w  g 

tite,  and  the  pegmatite  ^-^/^uSTarner  it  reverts  to 
garnetiferous  by  the  dissolved  fibr^litic  rusty  gametifer- 

the  Brimfield  type  m    -  barren  musco- 

ous  brown  biotite  schist  Xt ^^^ham  Mountain.  It  shows 
vitic  type  in  the  whole  ^^^Sioo.  mica  schist.  East 
everywhere  traces  of  derivation  from  a j»lca™       f  pvroxene 

of  Mount  Toby  ^^^Z^U^t  Wa-  2«  are 
I^S'oTbh^^^  which  contain 

^  w      A  half  m5e  east  of  Wilbraham  there  are  thin  beds  of 
Ah^ve  Coolie  the  Amherst  schist  is  a  normal  mica 

chertown  tonalite  great  lobes  which  are  ^^.^Z^f^ 
The  following  varieties  occur  on  this  contact:  (1)  A  coarse  ra™ 
So  SSTddrt,  or  (2)  fibrolite-biotite  schist, 
nfuscovite,  large  garnets,  fibrolite  blades  commonly  3 £  » 

^SfSiSTtu-  of  the  eastern  band  runs  south  from  New 
Sa^  asTcoTrse  barren  muscovite  schist,  which  in  a  short  distance 
b^eTbroTn,  fibrolitic,  and  rusty,  resembling  the  Brimfield  type. 
A«  or  the  woacwrm,  oaidau,  aw  *juitai*xt  strata. 

*fc  the  N.rr*g*nsett  Baain  th.  coal-bearing  Rhode  W^J—* 
tion  overlies  a  series  of  coarse-grained  strata,  largely  conglomeratic 
»C.  a  0«ot  turrw  Moo.  ».  a,  141,  im. 
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but  including  considerable  sandstone  and  having  at  the  base  a  con- 
glomerate which  rests  unconformably  on  much  older  rocks.  The 
lower  formations  contain  fossil  tree  trunks,  some  of  which  belong  to 
the  genus  Calamites,  and  the  whole  series  is  assigned  with  little  doubt 
to  the  Carboniferous.  The  similar  series  in  the  Worcester  district 
comprises  the  Oakdale  quartzite  below  and  the  Worcester  phyllite 
above.  The  Worcester  phyllite  is  Carboniferous,  for  it  contains 
Lepidodendron  and  several  species  of  ferns  at.  the  Worcester  "  coal 
mine."  Its  substantial  equivalence  to  the  Rhode  Island  formation 
is  indicated  not  only  by  its  fossils  but  by  the  beds  of  graphitic  anthra- 
cite it  includes.  The  lower  parts  of  the  series  in  the  two  areas  also 
exhibit  many  points  of  resemblance,  but  in  the  Narragansett  Basin 
the  lower  part  is  made  up  chiefly  of  conglomerate  with  subordinate 
sandstone  and  in  the  Worcester  district  almost  wholly  of  sandstone 
with  only  a  little  conglomerate.  It  has  been  generally  maintained 
that  the  conglomerates  were  derived  from  higher  land  lying  to  the 
east,  and,  on  the  assumption  that  most  of  southeastern  New  England 
was  once  covered  by  Carboniferous  strata  and  that  the  rocks  of  the 
several  basins  were,  therefore,  originally  continuous,  this  would  ex- 
plain the  finer  grain  of  the  Oakdale  quartzite  lying  to  the  west. 
The  Oakdale  grades  into  the  overlying  Worcester  phyllite  by  an  easy 
transition,  without  visible  unconformity  or  interruption.  Slaty  layers 
are  intercalated  in  the  upper  beds  of  the  Oakdale,  and  prevail  in  the 
Worcester.  The  transition  is  so  complete  that  there  is  no  more  reason 
in  the  Worcester  district  than  in  the  Narragansett  Basin  for  regard- 
ing the  underlying  sandy  strata  as  of  different  age  from  the  over- 
lying carbonaceous  shales. 

The  conclusion  that  the  Oakdale  quartzite  is  of  Carboniferous  age 
is  greatly  strengthened  by  the  fact  that  it  and  the  Worcester  phyllite 
are  closely  folded  together  and  in  pitching  folds  the  Oakdale  regu- 
larly passes  under  the  Worcester.  Another  reason  for  believing  that 
the  two  formations  belong  to  the  same  geologic  period  is  that  they 
are  cut  by  the  same  set  of  igneous  rocks.  Finally,  the  Oakdale 
quartzite  is  quite  unlike  the  pre-Cambrian  (?)  quartzites  of  adjacent 
areas  in  Massachusetts  and  Rhode  Island.  That  the  Oakdale  quarts- 
ite  and  Worcester  phyllite  together  form  a  series  of  Carboniferous 
age,  on  the  whole  closely  similar  in  general  character,  sequence  of 
beds,  and  thickness,  to  the  Carboniferous  strata  of  neighboring  dis- 
tricts, may  therefore  be  regarded  as  established. '  1  * 

The  reason  for  extending  the  Carboniferous  area  to  include  the 
highly  altered  rocks  that  are  correlated  with  the  Oakdale  and  Wor- 
cester is  that,  even  though  those  locks  are  much  more  metamorphosed, 
every  effort  to  find  boundaries  separating  them  from  the  less  altered 
rocks  of  undisputed  Carboniferous  age  in  the  Worcester  area  has 


78  GEOLOGY  OF  MASSACHUSETTS  AND  BHODE  ISLAND. 

failed.  I  began  the  study  of  the  rocks  around  Worcester  -with  a 
prejudice  in  favor  of  such  boundaries  and  for  a  long  time  urged  my 
assistants  to  find  them,  but  at  last  I  gave  up  the  quest 

Across  Worcester  County  the  sedimentary  rocks  assigned  to  the 
Carboniferous  rest  on  great  batholithic  masses  of  younger  granite, 
much  as  the  Huronian  rocks  of  Canada  rest  on  the  Laurentian 
granite,  without  the  visible  intervention  of  older  sedimentary  rocks. 
In  my  opinion  not  only  does  the  great  increase  of  granite  northeast- 
ward and  westward  from  the  Worcester  area  furnish  a  sufficient  ex- 
planation for  the  increased  metamorphism  of  the  sedimentary  rocks, 
but  also  the  metamorphism  is  just  the  sort  that  such  granites  should 
produce.  The  carbonaceous  slate  at  the  "  coal  mine  "  in  Worcester  is 
crowded  with  nodules  of  pyrite,  and  as  the  Worcester  phyUite  was 
altered  to  the  Brimfield  schist  the  kaolin  of  the  shale  promoted  the 
abundant  development  of  chiastolite,  which  changed  to  fibrohte,  the 
carbonaceous  matter  became  graphite,  and  the  iron  became  in  part 
pyrite  and  in  part  garnet.   The  Oakdale  quartzite,  with  its  small 
calcareous  lenticles,  which  in  places  is  almost  a  sandstone,  became  a 
brown,  slightly  biotitic  quartzite-^the  Paxton— with  green  actino- 
litic  lenticles,  and  both  the  Worcester  and  the  Oakdale,  through 
impregnation  with  granitic  material,  became  coarse  grained  and 
gneissoid.    Both,  however,  are  here  and  there  little  altered,  and 
though  at  Sturbridge  the  Brimfield  schist  has  been  mined  for  graph- 
ite, just  as  the  more  altered  beds  of  the  Rhode  Island  formation 
south  of  Providence  are  now  mined  for  graphite,  still  farther  west 
both  the  Oakdale  and  the  Worcester  are  less  metamorphosed  and 
retain  more  of  their  original  characters.  In  Northfield  the  quartzite 
can  not  be  distinguished  from  that  in  Oakdale,  and  in  Wilbraham 
and  other  places  it  is  conglomeratic  and  the  phyllite  is  as  soft  and 
crocky  as  at  Worcester. 

The  progressive  increase  in  the  metamorphism  of  the  sedimentary 
rocks  from  areas  of  little  to  those  of  extensive  granitic  intrusion  and 
the  continuous  and  complete  transition,  without  definite  boundaries 
between  the  different  phases  of  the  rocks,  from  the  little  altered  rocks 
to  the  highly  altered  schists,  are  my  reasons  for  correlating  the 

schists  with  the  Oakdale  and  Worcester  and  regarding  them  all  as  of 

Carboniferous  age. 

GNEISSES  AND  SCHISTS  OF  UNDETERMINED  AGE. 
GENERAL  RELATIONS. 

A  considerable  part  of  northeastern  Massachusetts  is  occupied  by 
metamorphic  rocks— some  of  igneous  and  others  of  sedimentary 
origin  but  the  two  sorts  apparently  closely  associated— whose-  age 
has  not  been  definitely  determined  and  Lb  a  matter  about  which 
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opinions  differ  widely.  The  principal  types  are  biotitic  gneisses  and 
schists  of  sedimentary  origin  and  biotitic  gneisses  of  probable  igne- 
ous origin,  but  a  number  of  other  types  are  included,  especially  some 
peculiar  injection  gneisses  and  several  bodies  of  highly  altered  lime- 

St°The  metamorphic  rocks  here  mapped  together  extend  northeast- 
ward into  New  Hampshire  and  south  westward  into  Connecticut,  and 
have  been  mapped  and  described  by  several  authors  and  under  vari- 
ous names.    In  northeastern  Massachusetts  they  occupy  six  rather 
large  continuous  areas  or  belts,  with  a  general  northeast-southwest 
trend    The  principal  area  extends  from  Tewksbury  southwestward 
to  Oxford,  is  interrupted  for  a  short  distance,  and  then  passes  south- 
ward into  Connecticut,  where  it  is  called  the  Putnam  gneiss.  On  the 
northwest  another  large  area  extends  from  Ayer  northeastward  into 
\ew  Hampshire  and  probably  across  that  State  into  southwest 
Maine.  A  smaller  belt,  parallel  to  the  last,  extends  from  Merrimack 
River  near  North  Chelmsford  northeastward  past  Haverhill  into 
Sewton,  N.  H.  East  of  the  main  area  a  fourth  belt,  long,  sinuous, 
and  branching,  extends  from  Sherborn  through  Waltham  and  Wo- 
biirn-  to  North  Reading.    A  fifth  and  much  smaller  one  hes  m 
Woburn  and  Winchester,  and  a  sixth  Hes  between  North  Andover 

and  Boxford.  ,      .  , 

The  rocks  of  the  several  areas  differ  somewhat  m  character,  espe- 
cially in  the  ratio  of  rocks  believed  to  be  sedimentary  to  those  re- 
garded as  igneous  but  approximately  contemporaneous  with  the 
sediments.  In  the  northern  areas  sedimentary  rocks  appear  to 
predominate  over  igneous  rocks.  In  the  central  and  largest  areathe 
ton  sorts  of  rocks  are  nearly  equal  in  amount,  but  segmentary  rocks 
appear  to  predominate  in  the  northwestern  part  of  the  area  and 
igneous  rocks  in  the  southeastern  part.  ^^iT  .^1 
igneous  rocks  predominate,  That  the  rocks  of  all  these  areas  are  of 
the  same  or  even  approximately  the  same  general  age  is  by  no  means 
certain,  but  they  all  fall  in  the  category  of  rocks  whose  age  is  not  . 
yet  determined  or  agreed  upon,  and  they  are  therefore  grouped  to- 

^ZS'the  rocks  have  been  closely  folded,  crushed ^d 
sheared,  and  greatly  altered.   The  sedimentary  rocks  in 
have  nearly  everywhere  been  completely  recrystalhzed.  Neverthe- 
less, the  original  bedding  of  the  sedimentary  rocks  is [ 
many  placesTand  in  other  places  it  is  reasonab y  clear  that ,  the  f oha- 
tion  of  the  igneous  rocks  is  due  largely  to  original  £ 
the  northern  areas  and  the  central  area  the  metamorphic  rocks  ^e 
also  been  extensively  invaded  and  probably  to  a  great 
jected  by  granite  and  pegmatite  of  late  <J«^^"  ^ 
CarbomferouTage.   So  great  was  the  extent  of  the  invasion  that 
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scarcely  an  outcrop  can  be  found  where  the  rocks  are  not  cul .  by 
veinTor  dikes  of  pegmatite,  and  granite  dikes  abound  in  all  expcn 
urS  of  any  considerable  size.   The  intrusion  was  commonly  a  ong 
Son  pknes,  and  there  is  comparatively  httle  brecciation  along 
the  edicts  of  even  the  larger  intrusive  masses.   Inclusions  of  the 
^etamorphic  rocks  in  the  younger  granites  are  likewise  very  rare. 
KOBTHXBN  ARTiAB. 

The  rocks  of  the  two  areas  that  extend  into  New  Hampshire  and 
of  that  in  Boxford  are  almost  wholly  sedimentary^ except  for  the 
younir^trusive  diorite.  granite,  and  pegmatite.  The  mam  type  ,s 
l  ^y  quartz-biotite  schist  or  gneiss,  with  which  are  mterbedded in 
many  places  layers  of  hornblende  schist  and  of  actinohU ,  quartei£ 
No  limestones  or  limestone  derivatives  are  known  in  these  areas. 
The  original  formation  must  have  been  sandstone  and  gray^acke 
and  perhaps  a  little  shale.  The  sedimentary  beds  now  alternate  with 
countless  intrusive  sheets,  from  a  few  inches  to  many  feet  thick  of 
oneissoid  granite  and  with  a  few  such  sheets  of  gneissoid  dionte 
They  are  also  cut  by  larger  lenses  or  ovals  of  granite,  most  of  which 
sreW  shown  on  the  map,  and  all  the  rocks,  both  igneous  and  sedi- 
mentary, are  cut  by  veins  Mid  dikes  of  aplite  and  pegmatite. 

In  New  Hampshire  the  central  part  of  the  area  extending  north- 
east from  Ayer  is  occupied  by  a  ferruginous  biotitic  gneiss  that  may 
be  of  igneous  origin  bat  which  must  be  considerably  older  than  the 
intrusive  granite  and  pegmatite. 

CENTRAL  ABBA. 
"  BOLTON  "  GNEISS. 

The  metamorphic  rocks  of  the  great  central  are*  extending  from 
Tewksbury  to  Oxford  include  a  number  of  diverse  types.  Several 
strips  and  lenses  of  schists  of  sedimentary  origin  are  apparently 
infoMed  in  the  general  complex.  The  rocks  of  these  strips  include 
rusty  biotite-quartz  schist  like  that  of  the  northern  areas,  quartz- 
muscovite  schist,  and  pyritic  quartz-sericite  schist.  Some  of  them 
resemble  rather  closely  the  Paxton  and  Brimfield  schists  of  central 
Massachusetts  and  others  are  much  like  some  of  the  rocks  mapped 
as  part  of  the  Marlboro  formation.  A  part  of  the  area,  especially 
along  the  southeastern  aide,  is  occupied  by  granitic  and  diontic 
gneisses  that  are  probably  igneous  but  that  are  much  more  altered 
and  appear  to  be  considerably  older  than  the  younger  intrusive 
granites  and  dioritoa.  ...  , 

The  greater  part  of  the  area,  however,  is  occupied  by  a  complex 
mica  gneiss,  chiefly  biotitic  but  in  places  containing  muscovite,  with 
which  is  associated  aoaue  hornblende  gneiss.   It  has  been  closely 
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folded  and  greatly  squeezed,  and  much  of  it  is  closely  and  intricately 
plicated.  It  is  certainly  in  part  sedimentary  and  almost  certainly 
in  part  igneous,  but  the  two  sorts  of  rock  are  so  complexly  inter- 
bedded  and  folded  that  in  many  places  they  can  be  distinguished 
with  difficulty,  if  at  all,  and  in  most  places  to  map  them  separately 
is  out  of  the  question.  This  complex  has  been  called  the  Bolton 
gneiss,1  but  the  name  has  been  found  to  be  preoccupied  for  a  forma- 
tion in  Connecticut,  and  ite  use  in  this  connection  is  discontinued. 
The  adoption  of  a  new  name  has  been  postponed  until  the  rocks 
have  been  studied  more  closely  and  an  agreement  has  been  reached, 
if  possible,  regarding  their  age  and  correlation. 

The  "  Bolton  "  gneiss  is  typically  exposed  in  the  towns  of  Bolton 
and  Berlin.  It  consists  as  a  rule  of  well-banded  mica  gneiss,  with 
layers  made  up  of  coarse  muscovite,  biotite,  and  "quartz  alternating 
with  more  quartzose  and  feldspathic  layers.  The  commonest  type 
is  a  medium-grained  to  fine-grained  quartzose  biotite  gneiss  of  gray 
or  brown  color,  in  some  places  containing  graphite,  fibrolite,  and 
garnet.  The  rock  splits  into  layers  3  to  4  inches  thick  and  makes 
good  flagging.  Layers  and  lenses  of  quartz  and  of  several  peg- 
matites are  common  and  in  places  make  up  much  of  the  rock.  They 
include  greisen  as  well  as  the  more  common  feldspathic  pegmatite, 
and  some  are  much  squeezed  and  schistose.  Other  intrusive  rocks 
are  numerous  dikes  and  sheets  of  granite  (chiefly  Ayer  and  Andover) 
and  of  aplitic  and  dioritic  rocks.  The  latter  are  generally  more  or 
less  foliated. 

Additions  to  the  gneiss  in  the  form  of  balls  and  small  nodules  of 
feldspar  are  common  in  some  belts,  especially  in  one  extending  from 
eastern  Shrewsbury  through  Northboro  nearly  to  Hudson  and  in 
another  extending  northeastward  from  Auburn  past  Worcester  and 
into  Boylston.  This  feature  is  also  common  in  the  Putnam  gneiss 
of  Connecticut.  The  feldspar  is  chiefly  alkalic  plagioclase  but  in- 
cludes a  little  orthoclase.  It  forms  balls  and  grains  up  to  halCan 
inch  in  diameter,  and  in  many  places  is  so  abundant  as  to  give  the 
rock  the  appearance  of  a  conglomerate.  The  feldspar  is  commonly 
arranged  in  layers  along  foliation  planes,  and  in  places  it  increases 
in  amount  until,  where,  joined  by  muscovite,  it  forms  secondary 
pegmatite  layers.  These  porphyritic  gneisses  were  formed  by  the 
impregnation  of  the  rock  by  granitic  material  and  its  crystallization 
therein.  The  rounding  of  some  of  the  grains  is.  due  to  later  crash- 
ing and  that  of  others  is  original.  In  the  folding  of  the  schist  small 
areas  seem  to  have  been  relieved  cf  pressure  by  the  warping  of  adja- 
cent layers,  and  the  feldspar  grains  formed  there  are  rounded  but  un- 
crushed.   Sometimes  the  pressure  shifted  and  the  grains  were  partly 

>  Perry.  J.  H,  ui  Tmrnon,  ft.  K_  QoolOfJ  of  Worc«*«M.  BU»_  a  TK,  ISO*. 
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crushed.  Under  the  microscope  the  prevailing  feldspar  in  the  body 
of  the  rock,  on  the  other  hand,  is  seen  to  be  a  sodic  plagioclase  that 
is  greatly  strained  by  the  mashing  of  the  rock  that  produced  the 
flaggy  structure.  The  large  balls  of  feldspar  contain  coarse  plates 
of  biotite,  showing  an  original  tendency  to  make  a  biotite  gneiss 
like  the  "  Bolton,"  followed  by  much  resorption  and  development  of 
muscovite,  a  heavier  mineral  containing  water  and  fluorine,  as  if 
deep-seated  waters  had  influenced  the  later  formation  of  the  rock. 
The  rock  has  the  following  composition: 

Chemical  composition  of  porphyritic  gneiss  at  railroad  cut  east  of  J.  Shaug- 
nessey's,  Uarlboro. 
[Analyst,  George  Stelger.l 
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It  is  dopotassic  and  so  is  chemically  allied  with  the  "Bolton" 
gneiss  rather  than  with  the  dospdic  porphyries  of  the  Boston  Basin. 

When  this  rock  was  first  studied,  at  the  south  end  of  the  belt, 
the  half-crushed  and  rounded  porphyritic  feldspars  were  regarded 
as  pebbles,  and  the  rock  was  then  thought  to  be  almost  wholly  of 
sedimentary  origin.  It  so  blends  igneous  and  sedimentary  charac- 
ters that  it  has  been  described  as  a  highly  metamorphosed  Carbonifer- 
ous sedimentary  rock.1 

The  rocks  of  the  central  area  are  everywhere  cut  by  veins,  dikes, 
lenses,  and  intrusive  sheets  of  granite  and  pegmatite,  and  in  a  few 
places  by  lenses  of  diorite.  Only  the  larger  lenses  of  granite  and 
diorite  are  shown  on  the  map,  but  the  total  amount  of  such  rock 
must  be  a  considerable  part  of  the  bulk  of  the  rock  of  the  area  as 
a  whole.  There  seems  to  be,  furthermore,  a  progressive  decrease 
south  westward  in  the  size  and  number  of  the  intrusive  masses,  which 
are  largest  and  most  abundant  in  the  northeastern  part  of  the  area, 
near  the  main  area  of  Andover  granite.  •   ■  - 

1  Perry,  J.  H,  and  Bmenon,  B.  X,  op.  dt,  pp.  79,  141. 
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In  my  opinion,  the  several  phases  of  the  "  Bolton  "  gneiss  are  a 
complex  or  hybrid  rock,  formed  by  the  extensive  injection  and  im- 
pregnation of  sedimentary  rocks  of  Carboniferous  age  by  the  Andover 
granite  and  by  the  extensive  incorporation  of  the  material  of  the 
sedimentary  rocks  into  the  first  intruded  portions  of  the  granite 
magma.  I  have  found  what  I  regard  as  all  possible  gradations  be- 
tween the  somewhat  crushed  and  sheared  but  otherwise  unaltered 
sedimentary  rocks  and  the  unmodified  granite.  The  strata  appear 
to  have  been  invaded  from  beneath  by  the  granite  during  intense 
deformation,  and  the  blended  rock  appears  to  have  been  formed  dur- 
ing the  early  part  of  the  intrusion,  which  was  synchronous  with  the 
closing  stages  of  the  deformation.  After  the  deformation  had  ceased 
final  irruptions  of  granite  formed  the  dikes  and  lenses  that  cut  the 
whole  complex.  I  therefore  regard  the  entire  assemblage  of  the 
"  Bolton  "  gneiss  and  associated  rocks  as  of  Carboniferous  age.  Messrs. 
Keith  and  LaForge,  on  the  other  hand,  hold  the  view  that  the  gneiss 
was  not  formed  by  the  blending  of  intrusive  granite  with  a  cover  of 
folded  Carboniferous  sediments,  and  that  the  granitic  and  dioritie 
gneisses  that  form  an  integral  part  of  the  "  Bolton  "  are  in  no  way 
related  to  the  Andover  and  Ayer  granites  but  are  much  older.  They 
regard  the  sedimentary  part  of  the  gneiss  as  very  ancient  and  be- 
lieve that  long  before  the  Carboniferous  period,  probably  in  pre- 
Cambrian  time,  it  was  folded  for  the  first  time,  metamorphosed, 
intruded  by  granite  and  diorite,  and  brought  substantially  to  its 
present  character.  In  their  opinion  the  dikes,  lenses,  and  sheets  of 
younger  granite  and  pegmatite  are  altogether  younger  than  the 
gneiss  and  have  played  only  a  very  minor  part  in  the  alteration 
that  it  has  undergone.  The  question  of  the  age  of  the  "  Bolton  " 
gneiss,  as  well  as  of  the  other  gneisses  and  schists  here  discussed, 
is  treated  more  fully  on  pages  86-89. 

LIMESTONE  AND  UXX8T0NE  DERIVATIVES  IN  THE  "  BOLTON  "  GNEISS. 

Limestone. — Interbedded  with  the  mica  gneiss  in  Northboro,  Bol- 
ton, Stow,  Boxboro,  Littleton,  Carlisle,  Chelmsford,  and  Webster 
are  thin  bodies  of  limestone,  now  highly  metamorphosed  to  coarse 
marble  and  other  sorts  of  rock  and  containing  many  minerals.  The 
rock  occurs  in  great  beds,  from  1  to  100  feet  thick,  of  coarse  crystal- 
line, commonly  fetid  magnesian  limestone,  which  are  remnants  of 
larger  beds  removed  by  erosion  and  solution  or  changed  into  scapo- 
lite  rock,  hornblende  schist,  or  steatite..  On  account  of  the  interest- 
ing character  of  the  minerals  found,  as  well  as  the  rarity  of  limestone 
in  eastern  Massachusetts,  much  attention  has  been  given  to  these 
localities.  The  citations  of  boltonite  or  of  scapolite  in  literature 
would  be  a  history  of  the  study  of  these  beds  since  the  rise  of 
mineralogy  in  America.  They  contain,  scapolite,  boltonite,  petalite, 
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fluorite,  allanite,  graphite,  salite,  tremolite,  actinohtc,  titamte,  par- 
asite, andesine,  essonite,  magnetite,  biotite,  black  and  green  py- 
roxene, phlogopite,  pyrite,  blue  apatite,  antigonte,  spinel,  talc,  and 
cerium  ocher.  Near  the  limestone  the  "  Bolton  gneiss  commonly 
contains  fibrolite  and  graphite,  and  much  of  the  limestone  itself 
contains  graphite.  At  Old  Common  in  Millbury  a  bed  of  scapohte 
limestone  occurs  in  the  Brimfield  schist.  These  limestones  differ 
characteristically  from  the  pre-Cambrian,  Cambrian,  and  Devonian 
limestones  of  Rhode  Island  and  of  western  Massachusetts. 

The  limestone  at  Bolton  contains,  according  to  Edward  Hitchcock, 
61  81  per  cent  of  calcium  carbonate,  27  per  cent  of  magnesium  car- 
bonate and  11.19  per  cent  of  silica  and  insoluble  matter.  An'  analysis 
of  the  pure  white  marble  from  Webster,  Mass.,  is  quoted  below: 

Chemical  competition  of  white  marble  from  Webster,  Matt. 
[H.  N.  Stoke*,  analyst.  D.  S.  Geological  Burrey.l 
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Where  gneiss  is  in  contact  with  limestone  in  the  quarries  at  Bolton 
a  layer  of  black  porphyritic  diorite  3  or  4  feet  thick  is  commonly  nest 
to  the  limestone.  Where  this  diorite  or  the  fine  biotite  granite  in  the 
gneiss  touches  the  limestone  the  layer  next  to  it  is  in  some  places 
composed  of  vein  quartz,  but  ordinarily  it  is  a  thick  sheet  of  scapolite 
rock,  in  one  place  16  feet  thick.  Next  comes  a  light-green  pyroxene- 
hornblende  layer  and  next  a  layer  of  boltonite  limestone,  grading 
into  the  pure  phlogopite  limestone.  The  scapolite  rock  was  formed 
by  the  reaction  between  the  granite  and  the  limestone,  and  a  high  con- 
tent of  silica,  alumina,  and  lime  is  the  result.  Later,  and  perhaps  as 
a  result  of  the  regional  metamorphism,  due  to  the  folding  of  the 
rocks,  the  hornblende-pyroxene  layer  has  formed  against  the  lime- 
stone much  more  commonly  than  the  scapolite  layer.  In  this  layer 
silica,  soda,  ferric  oxide,  and  a  little  ferrous  oxide  have  been  con- 
tributed from  without,  and  lime  and  magnesia  have  been  supplied  in 
equal  amount  by  the  limestone,  and  a  bed  of  bisilicates,  poor  in  iron, 
has  been  formed.  In  the  innermost  boltonite  layer  the  depleted  solu- 
tion brought  only  silica  in  diminished  amount,  and  that  has  united 
exclusively  with  magnesia  to  form  a  unisilicate,  replacing  only  part 
of  the  limestone.  It  is  interesting  to  note  that  in  the  hornblende- 
pyroxene  layer  newly  formed  andesine  grains  nearly  1.8  inches  across 
can  be  seen  in  contact  wifh  the  calotte.  ,,| 


GNEISSES  AND  SCHISTS  OF  UNDETERMINED  AGE. 


85 


Steatite  derived  from  boltonitescapolite  rock. — At  H.  H.  Mason's 
place  in  West  Shrewsbury  a  great  boss  of  rock  of  peculiar  character 
is  superficially  changed  to  dark  fibrous  steatite  derived  from  a  matted 
tremolite  rock  that  makes  up  much  of  the  mass.  The  central  part 
is  a  dull-black  serpentinous  rock  with  many  shining  less-altered 
spots.  These  are  exactly  like  olivine  in  optical  characters  and  mode 
of  decomposition  and  were  at  first  thought  to  be  that  mineral,  but  as 
they  are  associated  with  scapolite  they  seem  rather  to  be  boltonite, 
and  the  especially  perfect  network  of  fibrous  antigorite  serpentine 
and  the  wisps  of  the  same  mineral  outside  the  spots  are  also  found 
exactly  repeated  in  the  altered  boltonite  at  Bolton.  The  large  and 
abundant  grains  have  the  same  size  and  distribution  as  in  the  bol- 
tonite. The  interstitial  material  is  matted  tremolite  derived  from 
the  limestone. 

Scapolite- rock. — At  Dr.  Hay  ward's  place,  on  Winthrop  Street,  in 
Worcester,  are  large  bowlders  of  rusty  scapolite-hornblende  rock, 
containing  salite,  biotite,  magnetite,  and  leucoxene.  A  similar  bed 
makes  up  part  of  the  large  limestone  mass  south  of  Old  Common  in 
Millbury.  It  contains  scapolite,  graphite,  and  a  rich-brown  horn- 
blende. 

Vermiculite. — The  great  deposit  of  vermiculite  at  Bramanville  in 
Millbury  is  altered  biotite  and  is  a  thick  selvage  of  a  lens  of  tremolite 
steatite,  doubtless  of  the  same  origin  as  the  rock  at  Mason's  in  Shrews- 
bury. It  rests  in  the  gneiss  as  if  derived  from  an  overlying  schist 

SOUTHEASTERN  ABBAS. 

The  rocks  of  the  southeastern  areas  are  of  the  same  general  types 
as  those  of  the  central  and  northern  areas,  except  that  metamorphic 
rocks  of  igneous  origin — gncissoid  diorites,  granites,  and  aplites — 
are  considerably  more  abundant  than  the  schists  and  gneisses  of  sedi- 
mentary origin.  The  sedimentary  rocks  are  of  substantially  the 
same  character  as  a  large  part  of  those  in  the  central  and  northern 
areas  but  do  not  include  so  many  varieties.  The  southeastern  areas 
differ  strikingly,  however,  from  the  other  areas  in  one  respect — the 
rocks  are  nowhere  cut  by  veins,  dikes,  or  lenses  of  diorite,  granite, 
and  pegmatite  that  can  with  any  degree  of  probability  be  regarded 
as  of  Carboniferous  or  later  age,  except  at  a  few  places  in  Bedford, 
Burlington,  and  Wilmington,  where  the  main  mass  of  the  Andover 
granite  is  in  contact  with  the  metamorphic  rocks.  The  rocks  of  the 
southeastern  areas  seem,  to  be.  closely  inrcuVed,  structurally,  with* 
those  that  have  been  mapped  with  the  West boro  quaxtzita  and  the 
Marlboro  formation  in  the  Boston  and  Framinghara  quadmnglea, 
und  at  severed  places  there^s  considerable  doubt  as  to  which  forma- 
tion Bhould  include  certain  schists  in  mapping.   No  rocks  regarded  as 
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certainly  volcanic  have,  however,  been  mapped  with  the  gneisses  and 
schists  of  undetermined  age.  In  Natick  and  the  immediately  adjacent 
territory  are  numerous  exposures  of  a  fine-grained,  white,  somewhat 
laminated  or  schistose,  highly  siliceous  rock  of  puzzling  character. 
It  has  been  regarded  by  some  geologists  as  a  quartadte  and  by  others 
as  an  intrusive  rhyolite  or  aplite.  As  its  age  is  not  yet  definitely 
ascertained,  it  is  for  the  present  mapped  with  the  other  gneisses  and 
schists  of  uncertain  age. 

AGE  OF  THE  GNEISSES  AND  SCHISTS. 

In  the  discussion  of  the  age  of  the  Oakdale  quartzite  (p.  78)  I  have 
stated  my  reasons  for  correlating  the  Paxton  and  Brimfield  schists  with 
the  Oakdale  quartzite  and  Worcester  phyllite,  respectively,  and  there- 
fore for  regarding  the  Paxton  and  Brimfield  as  Carboniferous.  In 
my  opinion  those  portions  of  the  unnamed  gneisses  and  schists  which 
are  of  sedimentary  origin  are,  except  those  in  the  southeastern  areas, 
parts  of  the  Brimfield  and  Paxton  schists,  and  the  portions  which 
are  of  igneous  origin  are  younger  intrusive  rocks,  offshoots  of  or 
differentiates  from  the  main  batholiths  of  Andover  and  Ayer  granite. 

The  sedimentary  rocks  of  the  northern  areas  I  regard  as  mainly 
Paxton  schist,  grading  in  places,  through  progressive  increase  in  the 
amount  of  injection  by  granite,  into  granitic  gneisses  or  paragneisses 
of  hybrid  nature.  The  igneous  rocks  of  the  northern  areas  are  almost 
wholly  Ayer  granite  or  Dracut  diorite,  intruded  in  sheets  and  lenses 
parallel  to  the  general  gt ratification.  • 

The  apparently  infolded  strips  and  lenses  of  comparatively  little 
altered  sedimentary  rock  in  the  great  central  area  I  regard  as  chiefly 
Brimfield  schist,  though  a  few  are  assigned  to  the  Paxton  schist.  The 
intervening  "  Bolton  r  gneiss  I  regard  as  a  hybrid  rock,  resulting  in 
part  from  the  extensive  injection  and  impregnation  of  the  Brimfield 
and  Paxton  schists  by  the  Andover  granite  and  in  part  by  die  ex- 
tensive absorption  into  the  granite  of  portions  of  the  schists.  The 
pseudoconglomeratic  porphyries  or  porphyroids,  such  as  those  in 
Northboro  and  Shrewsbury,  are  regarded  as  impregnation  gneisses 
formed  from  the  Oakdale  quartzite  or  Paxton  schist  through  injec- 
tion by  the  Andover  granite  magma.' 

In  my  opinion  the  Oakdale  quartzite  and  Worcester  phyllite 
formerly  extended  eastward  over  the  area  and  were  probably  con- 
tinuous With  the  strata  of  the  Boston  and  Nam gan sett  basins.  I 
believe  the  "Bolton"  gneiss  and  associated  rocks  as  a  whole  to  rep- 
resent those  formations,  folded  and  partly  metamorphosed  to  the 
Paxton  and  Brimfield  schists,  and  to  form  the  cover,  now  greatly 
eroded,  beneath  and  into  the  lower  part  of  which  the  Andover 
■ex  I-obUiUOT ast£»»  •>»'   .urtiqijiiut  oiaJstttOB  uiaryo  ^tuU-jtn  vhx*nn  »■."> 
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granite  was  intruded.  The  intrusion  began  before  the  folding  of  the 
cover  had  ceased,  and  folding  and  intrusion  were  probably  going  on 
at  the  same  time,  thus  permitting  extensive  change  of  the  Andover 
type  to  the  Bolton  type,  and  continued  after  the  movements  and  the 
formation  of  the  hybrid  gneisses  had  ceased,  forming  the  dikes  and 
sheets  of  granite  and  pegmatite  that  are  younger  than  the  gneisses 
and  cut  them. 

There  is  progressive  decrease,  southwestward  from  the  main  mass 
of  Andover  granite,  in  the  number  and  size  of  the  masses  of  that 
granite  intruded  in  the  gneiss  complex  and  progressive  increase 
southwestward  in  the  number  and  size  of  the  infolded  strips  of 
Brimfield  and  Paxton  schists.  In  many  places  it  is  impossible  to 
dra  w  definite  boundaries  between  granite  and  gneiss  on  the  one  hand 
or  gneiss  and  schist  on  the  other.  The  mineral  and  chemical  com- 
position of  the  several  varieties  of  supposed  hybrid  rocks  seem  to  me 
to  be  those  that  theory  demands  if  the  rocks  have  been  formed  as 
here  postulated,  and,  finally,  in  spite  of  more  or  less  local  diversity 
in  minor  matters,  there  is,  in  my  opinion,  essential  unity  in  the 
amount  of  deformation  and  of  alteration  of  the  gneiss  complex  as 
a  whole  and  in  its  structural  relations  to  the  surrounding  rocks. 

In  my  opinion,  therefore,  the  whole  complex  of  unnamed  gneisses 
and  schists  (except,  possibly,  a  few  small  included  masses  of  lime- 
stone), as  well  as  the  associated  igneous  rocks,  is  of  Carboniferous 
age. 

Messrs.  Keith  and  LaForge,  on  the  other  hand,  have  come  to  a 
radically  different  conclusion  regarding  the  age  of  the  gneisses  and 
schists  and  the  origin  of  a  part  of  them.  They  agree  with  me  in  be- 
lieving the  Andover  and  Ayer  granites  to  be  of  late  Carboniferous  or 
post-Carboniferous  age,  in  regarding  a  considerable  part  of  the 
gneisses  as  injection  or  impregnation  gneisses  of  hybrid  character,  in 
assigning  the  bulk  of  the  sedimentary  rock  of  the  northern  areas  to 
the  Paxton  schist,  and  in  the  view  that  the  "  Bolton  *  gneiss  repre- 
sents a  folded  cover  beneath  and  into  the  lower  part  of  which  the 
Andover  granite  was  intruded,  and  that  the  intrusion  was  in  part 
contemporaneous  with  the  latest  folding  of  the  rocks. 

They  doubt,  however,  that  the  Worcester  phyllite  and  Oakdale 
quartzite  ever  extended  eastward  to  any  great  distance  over  the  area 
occupied  by  the  gneisses  or  were  continuous  with  the  strata  of  the 
Boston  and  Narragansett  basins;  that  the  chemical  and  mineral 
composition  of  the  "  Bolton  n  gneiss  is  sufficient  evidence  to  warrant 
the  conclusion  that  it  was  derived  from  a  rock  like  the  Brimfield 
schist  ;  and  that  the  Paxton  schist,  or  at  least  a  great  part  of  the 
rock  so  mapped,  was  ever  derived  from  the  Oakdale  quartzite  by 
any  kind  of  metamorpbism.  In  their  opinion  much  the  greater  part 
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of  the  alteration  which  the  gneisses  and  schiste  have  undergone  is 
due  to  regional  and  dynamic  metamorphism  instead  of  to  the 
intrusion  of  the  great  granitic  batholiths,  and  they  believe  it  to  have 
been  produced  long  before  and  to  be  distinctly  different  in  character 
from  the  alteration,  mainly  contact  metamorphism,  produced  in 
the  undoubtedly  Carboniferous  sediments  by  the  intrusion  of  the 
younger  granites. 

They  believe  that  the  sedimentary  part  of  the  unnamed  gneisses  and 
schists  is  very  much  older  than  Carboniferous  and  is  probably  pre- 
Cambrian ;  that  the  much  deformed  and  sheared  associated  igne- 
ous rocks,  to  which  the  formation  of  the  greater  part  of  the  hybrid 
rocks  in  the  "  Bolton  "  gneiss  is  probably  due,  are  very  much  older 
than  the  Andover  and  Ayer  granites  and  are  also  probably  p re- 
Cambrian  ;  and  that  the  whole  complex  was  first  folded,  resulting 
in  great  deformation  and  regional  metamorphism  of  the  rocks,  prob- 
ably in  pre-Cambrian  time,  at  any  rate  Jong  before  the  deposition 
of  the  Carboniferous  strata  or  the  intrusion  of  the  younger  gran- 
ites. In  their  view  the  Carboniferous  sedimentary  rocks  may  have 
been  deposited  over  a  part  of  this  complex,  exposed  by  long- 
continued  erosion,  and  the  whole  mass  again  folded  after  the  Car- 
boniferous deposition  and  intruded  by  the  Andover  and  Ayer  gran- 
ites. They  therefore  believe  it  possible  that  some  of  the  appar- 
ently infolded  strips  and  lenses  of  schist  may  be  of  Carboniferous 
age  but  that  such  strips  bear  only  an  accidental  relation  to  the 
complex  as  a  whole,  much  as  do  the  intrusive  sheets  and  lenses  of 
Andover  granite,  which  were  clearly  intruded  into  the  complex  after 
it  had  reached  practically  its  present  structural  and  metamorphic 
character. 

The  principal  facts  noted  by  them  in  the  field  on  which  they  base 
their  conclusions  as  to  the  age  of  the  rocks  are  as  follows:  The 
strong  resemblance,  amounting  practically  to  lithologic  identity,  of 
some  of  the  unnamed  schists  to  rocks  in  other  parts  of  the  State 
which  are  generally  admitted  to  be  probably  pie-Cambrian;  the 
greater  deformation,  greater  alteration  (even  in  areas  far  from  large 
exposed  bodies  of  younger  granite),  and  the  general  appearance  of 
greater  age  of  the  sedimentary  schists  as  compared  with  strata  that 
are  undoubtedly  Carboniferous;  the  similar  differences  in  defor- 
mation, alteration,  and  apparent  age,  aa  well  as  the  striking  lithologic 
differences,  between  tile  unnamed  gneisses  of  igneous  >  origin  and  even 
the  most  sheared  and  altered  parte  of  the  Andover  and  Ayer  (Car- 
boniferous) granites  and  associated  rocks;  and  Che  fact  that  a 
great  part  of  the  deformation  and  alteration  of 'the  unnamed  gneisses 
and  actuate  appears  to  antedate  the  deposition  oi  the  Carboniferous 
strata  and  the  intrusion  of  the  younger; granita%)«m>;j>>i!i  fei  fonhl  nu 
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They  have  not  been  able  to  trace  transitions  along  the  strike 
from  undoubtedly  Carboniferous  strata  to  rocks  like  the  Paxton 
schist  or  the  "  Bolton  "  gneiss,  and  in  their  opinion  apparent  transi- 
tions of  one  sort  of  rock  into  another  across  the  strike  of  closely 
folded  and  metamorphosed  beds  form  a  very  untrustworthy  basis 
for  correlation.  They  hold  that  the  difficulty  of  drawing  boundaries 
is  quite  to  be  expected  in  a  region  of  complex  structure  in  which  the 
rocks  are  so  largely  covered  by  glacial  deposits,  and  in  their  opinion 
careful  detailed  mapping  of  the  structure  will  show  that  the  Car- 
boniferous strata  do  not  merge  into  the  schists,  but  overlap  them 
un  conformably. 

TRIAS8IC  SYSTEM. 
GENERAL  CHARACTER  OF  THE  ROCKS. 

The  Triassic  rocks  of  New  England  emerge  from  the  sea  at  New 
Haven,  Conn.,  and  extend  north  in  a  band  that  becomes  20  miles 
wide,  bounded  by  the  fault  scarps  of  the  crystalline  rocks  which 
extend  north  past  Middletown  and  Wesleyan  University  on  the  east 
and  past  the  Farmington  School  on  the  west  Next,  Wilbraham 
Academy  exactly,  marks  the  boundary  on  the  east,  and  the  State 
Normal  School  at  Westfield  is  near  the  western  boundary. 

The  great  trap  ridges  give  the  Triassic  Basin  a  picturesque  beauty. 
Of  these  East  Rock  and  West  Bock  look  down  on  Yale  University  j 
and  farther  north  is  Hartford  Theological  Seminary  and  Trinity  Col- 
lege, which  is  founded  on  the  trap  that  shows  there  an  exceptionally 
instructive  section.  The  same  trap  ridge  culminates  farther  north  in 
Mount  Toby,  which  overlooks  Mount  Holyoke  College,  Williston 
Seminary,  Smith  College,  and  the  Smith  Agricultural  School.  Here 
the  eastern  edge  of  the  sandstone  is  shifted  by  erosion  far  west  of 
the  fault  scarp,  which  was  its  former  boundary,  but  an  isolated 
patch  of  the  sandstone  is  preserved  as  a  foundation  for  Amherst  Col- 
lege, nnd  even  on  the  narrow  neck  of  sandstone  that  extends  north 
are  Hadley,  Hatfield,  Deerfield,  and  Bernardston  academies. 

In  Northfield  the  Northfield  Academy  marks  the  boundary  on 
the  east  and  Mount  Hermon  School  on  the.  west,  and  the  sandstone 
ends  beneath  the  steps  of  Dwight  L.  Moody*s  church. 

For  almost  a  century  px«  Triassic  sandstone,  or  "  Connecticut 
River  sandstone"  as  it  has  been  called,  has  been  a  classic  ground  for 
geology  and  healthful  'geologic'  controversy,  made  so  by  President 
Edward  Hitchcock,  who  early  invited  a  committee  of  doubting  geol- 
ogists from  the  American  Association  for  the  Advancement  of 
Science  to  decide  whether  his  "  bird  tracks  "  were  tracks.  There  are 
still  conservative  doubters.  Later  came  the  question  of  the  extent  of- 
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the  beds  and  the  claim  that  the  Triassic  of  New  England  and  New 
Jersey  were  once  connected.  The  suggestion  that  the  region  was 
essentially  continental  makes  it  more  probable  that  the  beds  were 
deposited  in  separate  landlocked  basins.  There  has  been  a  difference  of 
opinion  connected  with  the  expressions  "  sandstone  below  the  trap  " 
and  "  sandstone  above  the  trap,"  used  by  Hitchcock  and  Percival  and 
continued  in  the  very  excellent  map  of  the  Triassic  of  Connecticut 
by  W.  M.  Dans.1  The  writer  has  long  maintained  that  the  eastern 
and  western  border  beds  were  contemporaneous,  since  the  Holyoke 
diabase  begins  in  the  lower  sandstones,  bends  east,  and  runs  through 
these  "  upper  sandstones  "  to  their  border,  and  Mount  Toby  on  the 
east  edge  of  the  basin,  which  is  an  "  upper  sandstone  "  area,  rests  in 
all  its  extent  on  the  crystalline  rocks,  as  do  the  coarse  beds  on  the 
west  side. 

This  contemporaneity  of  the  beds  across  the  valley,  and  their 
exceeding  coarseness,  variability,  and  lack  of  weathering,  led  me  long 
ago  to  postulate  glacial  conditions  without  distinct  glaciers  for  their 
formation,  and,  with  much  hesitation,  exceptionally  high  tides  for 
their  rapid  distribution. 

The  later  suggestions  of  Walther  and  others  of  the  importance  and 
extent  of  continental  deposits,  applied  and  extended  by  Barrell* 
and  Mansfield 8  to  other  regions  in  America,  have  seemed  to  me  to 
give  much  promise  of  unraveling  the  geology  of  this  region,  and 
strong  intermittent  floods  may  replace  the  strong  tides  of  my  former 
hypothesis.  > 

FORMATION  AND  CHARACTER  OF  THE  BASIN.  **** 

The  steep  walls  of  the  valley,  the  series  of  faults  which  bound  it 
on  each  side,  and  the  great  thickness  of  the  sandstones,  or  the  great 
depth  of  the  basin  in  which  these  sandstones  are  gathered,  are  best 
explained  on  the  hypothesis  that  the  basin  is  a  "  graben,"  a  trench, 
or  rift  valley,  formed  by  the  sinking  of  a  great  block  of  the  crystal* 
line  substratum  between  faults.  These  faults  have  a  certain  sym- 
metry with  the  curved  outcrops  of  the  diabase  sheets  in  Holyoke  and 
Greenfield,  projecting  on  the  east  into  their  concavities  and  on  the 
west  preserving  a  marked  parallelism  with  the  lobes  of  the  trap. 

An  inspection  of  the  detailed  geologic  map  of  the  Appalachian 
chain  makes  it  very  plain  that  the  southward  trend  of.  the  main 
structure  lines  across  New  England  must  have  made  a  great  sig- 
moid curve  to  the  west,  south  of  Connecticut,  in  sympathy  with  the 

>  Darts,  W.  JL,  The  Triassic  formation  of  Connecticut :  D.  a  Geo).  Surrej  KIghteentb 
Ann.  Bept,  pt  2,  pi.  19,  1808. 

•Barrel!,  Joseph,  ComparatlT*  Importance  of  terrestrial  and  marina  deposits :  Jour. 
Geology,  to).  14,  p.  817,  1604 

*  Manafleld,  O.  R.,  The  origin  and  structure  of  the  Roxburj  conglomerate :  Harrard  OoU. 
Mas.  Comp.  BooU  BuU„  rol.  4».  p.  81,  ISO*. 


TRIASSIC  SYSTEM. 


91 


same  curves  in  the  more  western  chains  across  New  York  and  Penn- 
sylvania, and  that  a  great  block  must  have  sunk  where  Long  Island 
now  stands;  hence  the  deeply  indented  drowned  coast  of  southern 
New  England. 

It  becomes  a  problem  whether  the  sinking  of  this  block  accompa- 
nied the  formation  of  the  Triassic  depression  and  let  the  salt  sea 
into  it  or  whether  the  Triassic  basin  was  a  landlocked  upland  valley, 
extending  far  south  of  New  Haven,  which  was  first  opened  to  the 
sea  and  drained  southward  long  after  the  filling  of  the  basin.  The 
region  around  New  Haven  is  not  more  marine  in  type  than  the 
•region  around  Greenfield,  and  all  the  fault  blocks  may  be  land  or 
landlocked  forms.  So  this  sinking  may  well  have  been  later  than 
the  Triassic,  and  the  converging  boundary  lines  may  have  continued 
south  and  met  to  form  the  south  end  of  the  basin  a  few  miles  south 
of  New  Haven,  and  the  similar  converging  boundaries  on  the  north 
may  have  met  to  form  the  north  end  of  the  basin  a  little  north  of 
the  State  line. 

UUWABK  GHOTTP. 

GENERAL  CHARACTER  OF  THE  SEDIMENTARY  ROCKS  oK  THE  BASIN  AND 
THEIR  FAULTING.     *  ■ 

All  the  Triassic  sedimentary  rocks  in  Massachusetts  are  generally 
regarded  as  belonging  to  the  Newark  group,  which  is  recognized  as 
extending  from  North  Carolina  to  Nova  Scotia.  The  rocks  are 
not  chronologically  successive  in  the  order  given  below,  or  in  any 
order,  but  are  in  part  synchronous  facies,  dependent  for  their  vari- 
ety on  the  different  characters  of  the  shore  rocks  from  which  they 
were  derived,  on  the  strength  and  direction  of  the  currents  by  which 
they  were  carried,  and  on  the  different  distances  from  shore  and  the 
different  depths  of  water  in  which  they  were  deposited.  The  last 
element  is  highly  important  Because  of  the  great  depth  of  the 
western  portion  of  the  basin  and  the  abundance  of  granite  along 
the  western  shore,  the  waters  may  have  begun  to  deposit  the  Sugar- 
loaf  arkose  here  a  little  earlier  than  the  other  rocks,  but  very  soon 
the  argillites  and  schists  of  the  eastern  border  must  have  contributed 
their  share,  and  the  development  of  the  arkose  and  that  of  the 
Mount  Toby  conglomerate  were  then  strictly  synchronous.  As  the 
waters  rose  and  attained  greater  width  the  central  portion  of  the 
basin  was  occupied  by  a  deposit  of  offshore  sands,  the  Longmeadow 
sandstone,  and  when  the  maximum  width  was  reached  the  middle 
portion  of  the  sandstones  decreased  in  size  of  grain  to  the  fine- 
grained sand  and  mud  beds  which  have  become  the  central  Chicopee 
shale.  ' 

After  a  considerable  accumulation  of  coarse  sediments  forming  the 
base  of  the  Sugar  loaf  arkose  across  the  bottom  of  the  valley  a  bed 
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of  lava  was  poured  out  on  them,  which  barely  enters  the  State  of 
Massachusetts  from  the  south  and  is  called  the  Talcott  diabase. 

After  the  Talcott  diabase  had  been  deeply  covered,  the  accumula- 
tion of  sediment  was  again  interrupted  by  an  eruption  of  lava 
through  a  fissure  in  the  earth's  crust,  which  opened  along  the  bot- 
tom of  the  basin.  The  lava  flowed  east  and  west  on  the  bottom  of 
the  bay,  as  tar  oozes  and  spreads  from  a  crack,  and  solidified  in  a 
sheet  which  may  have  been  2  or  3  miles  wide  and  about  400  feet 
thick  in  its  thickest  central  part.  This  is  the  main  sheet  and  is 
called  the  Ilolyoke  diabase.  The  sheet  was  soon  covered  with  sand 
and  mud  layers,  which  in  many  places  mixed  with  the  still  liquid, 
lava,  but  its  thickness  was  such  that  it  had  shallowed  the  waters, 
and  thus  formed  extensive  mud  flats.  This  area  was  suitable  for 
the  formation  and  preservation  of  unique  records  of  the  life  of  the 
time.  The  curiously  shaped  and  commonly  huge  reptiles  of  that  age 
wandered  over  the  exposed  mud,  and  their  footprints,  covered  by 
the  deposits  of  the  next  flood,  constitute  the  so-called  "  bird  tracks,'' 
which  have  been  found  in  such  great  numbers  and  perfection. 

The  sands  had  reached  a  considerable  thickness  over  the  second 
trap  bed  when  a  third  outflow  of  the  trap  occurred,  represented  by 
the  "posterior  bed"  of  the  Percival  or  Hampden  diabase.  Imme- 
diately after  the  outflow  of  this  sheet  an  explosive  eruption  took  place 
locally,  and  blocks  and  pulverized  dust  of  diabase  were  spread  by 
the  waters  over  a  broad  area,  forming  the  Granby  tuff.  Then  fol- 
lowed the  uppermost  layer  of  rusty  sands,  in  which  most  of  the 
tracks  have  been  preserved.  The  whole  was  capped  down  the  mid- 
dle of  the  basin  by  the  thin  Chicopee  shale,  in  which  only  leaves  and 
small  tracks  are  found.  The  area  was  next  the  scene  of  dislocations 
or  faults,  by  which  the  mass  of  sedimentary  and  volcanic  rocks  was 
divided  into  great  blocks,  generally  extending  north  and  south. 
The  blocks  slipped  one  past  another  along  nearly  vertical  planes. 
In  these  dislocations  the  strata  were  generally  tilted  eastward.  . 

On  the  map  the  faults  which  bound  these  blocks  are  clearly  indi- 
cated where  they  cross  the  trap  ridges,  They  are  approximately 
parallel  and  run  about  N.  20°  W.,  crossing  the  trap  ridges  *t  very 
email  angles.  They  are  doubtless  equally  abundant  in  the  rest  of 
the  area,  but  the  sandstones  include  po  peculiar  bed  which  can  he 
identified  for  long  distanced  and  are  so. largely  covered  that  the  faults 
can  not  be  traced.  Because  of  the  unequal  tilting  of  these  blocks 
the  outcrop  qf  the  main  trap  sheet  has  a  peculiar  lobed  appearance, 
and  the  eastern  sheet  is  broken  into  parts  widely  separated  from  each 
other.  Id  these  movements,  associated  perhaps  with  general  uplift, 
the  area  became  land  and  the  rocks  were  exposed  to  erosion.      /  , 
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SCGARLOAT  AKK08B. 

This  rock,  which  is  a  coarse  buff  to  pale-red  sandstone,  and  which 
in  many  places  becomes  so  coarse  that  it  can  be  called  a  conglomer- 
ate, is  made  up  largely  of  the  debris  of  the  granite  and  coarse  pegma- 
tite veins  of  the  high  ground  on  the  west  or  of  the  Amherst-Leverett 
repion  on  the  east.  The  flesh-colored  cleavage  pieces  of  the  feldspar 
and  the  shining  scales  of  white  mica  give  character  to  the  rock.  At 
the  surface  it  is  generally  softened  by  the  solution  of  the  cement  and 
in  many  places  spotted  green  from  the  reduction  of  the  iron  rust  by 
decomposing  organic  matter.  This  process  is  in  places  carried  so  far 
that  the  surface  is  composed  of  white  kaolin  from  the  leaching  out 
of  the  reduced  iron  salts  and  the  decomposition  of  the  feldspar.  The 
formation  was  named  for  its  occurrence  at  Sugarloaf  Mountain. 

In  the  central  part  of  the  State  the  rock  extends  from  Connecticut 
liiver  westward,  including  the  isolated  area  in  Amherst  village,  and 
farther  south  it  occupies  the  whole  width  of  the  plain  west  of  the 
Holyoke  Range.  It  is  synchronous  with  the  Mount  Toby  conglom- 
erate, which  is  the  eastern  shore  deposit,  now  raised  as  a  "  horst "  be- 
tween two  great  faults  above  its  former  level.  Its  western  limit  is 
along  the  foot  of  the  western  bluffs,  and  it  seems  to  meet  them  by  a 
nearly  continuous  series  of  faults  across  the  State,  but  the  junction 
is  deeply  covered  by  the  terrace  sands,  so  that  the  coarsest  western 
shore  deposits  are  mostly  concealed.  Just  south  of  Whately  village, 
near  the  western  border,  it  becomes  a  coarse  granitic  conglomerate, 
which  represents  a  part  of  the  western  shore  bed.  It  is  also  a  de- 
cided conglomerate  at  Mount  Ton  station,  which  is  in  the  center  of 
the  basin  and  just  beneath  the  Holyoke  diabase,  and  it  may  have  been 
brought  up  here  by  faulting,  as  it  is  cut  through  by  an  artesian  well 
in  Northampton  that  is  3,700  feet  deep,  '  KffifcfcjCTt .  Ij'i 

The  low  ground  of  the  Westfield- South  wick  plain  is  underlain  by 
this  formation,  which  is  then  a  coarse  feldspathic  sandstone,  whose 
material  has  been  largely  derived  from  the  granites  of  the  hills  to  the 
west.  Along  the  western  border  it  becomes  a  granitic  conglomerate. 
Its  red  or  buff  color  comes  from  the  iron  rust,  which  forms  a  large 
part  of  the  cement  by  which  the  ancient  gravels  were  solidified. 

L*^wMn1  MOUNT  TOBT  CONGLOMERATE. 

The  Mount  Toby  conglomerate  is  composed  of  coarse  materials 
ringing  from  pebbles  2  inches  in  length  to  masses  2  to  4  feet  in 
size.  The  rock  is  very  hugely,  and  in  many  localities  wholly,  made 
up  of  comminuted  argil h tea,  quarts  schist,  and  vein  quartz,  with 
larger  cobble*  of  the  same  material.  In  many  places,  as  along  the 
eastern  slope  of  Mount  Toby  and  in  OtU,  block*  from  1  to  2  sect 
long  are  set  as  closely  a*  they  can  fie  hi  n  coarse  gravel  from  which 
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all  sand  has  been  washed.  A  partial  arrangement  of  the  pebbles 
with  their  flat  surfaces  parallel  to  a  common  plane  and  the  rude  strati- 
fication in  the  coarser  and  the  finer  beds  form  the  only  structure.  A 
half  mile  south  of  the  old  Mount  Toby  railroad  station  and  200 
feet  up  a  small  brook  the  rock  rests  on  a  very  irregular  surface  of 
granite.  Just  where  the  present  brook  flows  a  pre-Triassic  V-shaped 
valley  240  feet  deep  is  exposed  in  the  steep  bluff  and  filled  by  the 
coarse  conglomerate,  and  40  rods  south  a  vertical  eastward-trending 
wall  100  feet  high  has  the  coarse  Triassic  debris  massed  against  it, 
The  conglomerate  between  these  depressions  contains  very  large 
blocks  of  granite,  one  of  which  is  3$  by  4£  by  6$  feet.  These  ava- 
lanche beds  came  from  high  mountains  on  the  east  that  covered  the 
Pelham  granite,  which  is  now  the  surface  rock  to  the  east  but  is  not 
represented  in  the  conglomerate. 

Westward  from  this  point  the  whole  mass  of  the  main  ridge  of 
Mount  Toby  is  composed  of  this  coarse  rock,  but  along  any  of  the 
"sugar  roads "  into  the  mountain  from  the  western  side  can  be 
observed  several  bands  of  the  Longmeadow  sandstone,  which  pene- 
trate the  horizontal  beds  of  the  coarser  rock  and  thin  out  under 
the  main  ridge.  These  sandstone  beds  indicate  successive  oscil- 
lations of  level  or  of  flood  violence,  during  which  the  finer-grained 
sandstone  extended  east  across  the  conglomerate  several  times  and 
then  gave  place  to  the  coarser  material  again. 

LONGMEADOW  SANDSTONE. 

The  Longmeadow  sandstone,  named  for  its  occurrence  at  Long- 
meadow,  Mass.,  represents  an  offshore  fades  of  the  sediment  spread 
over  the  bottom  of  the  Triassic  valley.  South  of  Titans  Pier,  where 
the  Holyoke  diabase  projects  into  the  river,  the  coarse  Sugarloaf 
arkose  grades  into  the  buff  or  brown  sandstones,  which  have  been 
quarried  on  both  sides  of  the  river  in  Larrabee's  quarries.  This 
locality  is  at  the  north  end  of  a  broad  band  which  extends  south  down 
the  center  of  the  broadened  depression.  It  is  a  quartzose  brownstone, 
commonly  somewhat  feldspathic,  and  is  cemented  mainly  by  iron 
oxide.  It  suffers  the  same  superficial  change  as  the  preceding  rock. 
It  abounds  in  branching  tubes  of  sandstone  about  the  size  of  a  pencil 
or  smaller,  which  are  of  about  the  same  material  as  the  rock  itself, 
but  separate  easily  from  the  rest  of  the  rock.  They  have  been  thought 
to  be  tiie  remains  of  seaweeds  and  have  been  called  fncoids,  but  they 
are  ferruginous  concretions.  Many  layers  of  the  rock  are  covered 
with  the  tracks  of  animals  of  every  size,  ripple  marks,  mud  cracks, 
raindrop  impressions;  and  a  multitude  of  markings  which  hare  not 
been  explained  baa  which  prove  that  the  waters  wen  shallow  and 
that  the  deposits  were  often'  laid  bare  by  the  drying  of  the  shallow 
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waters.  The  valuable  building  stone  of  the  region  comes  from  ex- 
ceptional beds  in  this  series. 


Chemical  composition  of  the  Longmeadow  sandstone  from  quarries  near  East 
Longmeadotc,  Mass. 

[Analysts,  C  F.  Chandler  (1)  and  onanists  of  the  Worcester  Polytechnic  Institute  (2  and  3).) 
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The  amoimt  of  alumina  shows  that  there  is  probably  considerable 
feldspar  in  the  rock  and  that  some  part  of  the  loss  is  alkali. 

OHANBT  TUFF. 

The  Granby  tuff  consists  of  thick-bedded  black  tuff  and  tuffa- 
ceous  sandstone  ranging  from  fine-grained  volcanic  sandstone  to 
coarse  diabase  breccias  and  agglomerates;  from  rocks  made  up 
wholly  of  volcanic  debris  to  such  as  contain  abundant  fragments 
of  granitic  gneissoid  rocks.  The  finer-grained  varieties  contain  the 
materials  of  granite,  especially  white  mica,  on  the  lamination  faces, 
and  grains  of  quartz  in  the  mass  of  the  rock.  The  roadside  a  mile  or 
two  north  and  south  of  Smith  Ferry  and  the  railroad  cuts  adjacent 
furnish  fine  outcrops  of  this  bed  and  enable  one  to  study  it  near  the 
center  of  eruption  and  distribution. 

The  great  angular  blocks  of  diabase  a  mile  north  of  Smith  Ferry, 
by  the  cemetery,  can  be  seen  to  have  fallen  into  the  mud,  now  turned 
to  sandstone,  and  to  have  bent  down  its  layers.  The  blocks  decrease 
gradually  in  size  southward,  and  above  Larrabee's  Ferry,  on  the 
north  line  of  Holyoke,  a  few  scattered  fragments  of  trap  an  inch  or 
two  long  in  the  feldspathic  sandstone  are  all  that  remain.  On  the 
east,  on  the  road  south  of  The  Notch,  at  a  small  brook,  the  cross 
section  of  the  bed  is  very  instructive.  Here  the  fragments  are  from 
half  an  inch  to  an  inch  in  size.  The  transition  from  the  tuff  to  the 
feldspathic  sandstone  above  and  below  is  very  abrupt  The  tuff  itself 
is  deep  brown  from  rust  At  the  east  end  4-inch  blocks  of  trap  ap- 
pear in  the  tuff.  The  explosion  occurred  while  the  "  posterior  "  trap 
sheet  was  still  liquid,  for  amygdaloidal  blocks  a  foot  across  are  sunk 
m  the  surface  of  the  flow  at  the  northeast  outlook  in  Mountain  Park. 

In  tracing  the  outcrop  one  finds  portions  of  it  lacking,  apparently 
faulted  out  of  sight,  and,  on  the  other  hand,  portions  of  it  are  found 
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north  far  beyond  its  normal  limits,  which  have  been  let  down  from 
above  between  opening  fault  blocks  during  the  time  of  faulting  and 
are  now  exposed  by  the  great  erosion  which  the  sandstone  has  suf- 
fered. The  striking  exposures  of  this  kind  occur  in  the  bluff  over- 
looking the  middle  Belchertown  Pond  and  at  a  point  a  mile  and  a 
quarter  north  of  the  cemetery  in  Granby,  and  a  mile  east  of  The 
Notch,  which  is  far  up  the  mountain  side  and  far  north  of  the  pres- 
ent outcrop  of  the  bed.  Here  a  mass  projects  from  the  ground  and 
is  shaped  like  the  rude  model  of  a  great  telescope  on  its  stone  pedestal. 
This  shows  that  the  tuff  extended  far  north  and  east  of  its  present 
outcrop. 

CHICOPEE  SHALE. 

The  Chicopee  shale  forms  a  central  band,  which  begins  at  Holyoke 
and  is  best  exposed  along  the  railroad  cut  near  the  Holyoke  dam, 
where  it  is  a  thin  dark-gray  coaly  calcareous  shale  or  shaly  sand- 
stone, which  shows  many  impressions  on  the  laminae  of  raindrops, 
ripple  marks,  mud  cracks,  and  angular  markings  formed  from  salt 
and  gypsum  crystals  that  have  been  dissolved  out,1  The  beds  appear 
at  the  mouth  of  Chicopee  River  and  in  the  bed  of  Connecticut  River 
at  Mittineague,  where  the  rock  consists  of  red  shales,  with  many 
nodules  and  thin  beds  of  concretionary  limestone  and  casts  of  skele- 
ton salt  crystals  in  calcite.  It  also  appears  in  the  beds  of  brooks  in 
Agawam  and  Thompsonville,  near  the  Connecticut,  but  the  rock  in 
place  is  so  covered  that  it  is  not  possible  to  draw  a  boundary  for  it 
with  accuracy. 

PROOF  OF  CONTEMPORANEOUS  DEPOSITION  OF  THE  FORMATIONS. 

As  is  shown  on  the  map  the  whole  width  of  the  Triassic  across 
the  north  of  Gill  is  composed  of  conglomerate,  equally  divided  be- 
tween the  arkose  on  the  west  and  the  slate  conglomerate  on  the  east 
The  boundary  is  a  narrow  transitional  band,  rather  than  a  line,  but 
is  very  distinct.  From  Bernardston  across  to  the  boundary  the  rock 
is  pure  granite  debris;  near  this  line  slate  pebbles  begin  to  appear, 
rounded  and  far  traveled,  and  in  a  short  distance  the  finer  material 
also  becomes  wholly  comminuted  slate  and  quartz  and  continues  thus 
east  to  the  river.  The  granitic  material  on  the  west  has  been  brought 
from  the  area  20  miles  south,  the  slaty  material  from  Vernon  and 
Northfield,  which  lie  to  the  northeast.  They  meet,  as  Been  in  ver- 
tical walls,  with  an  interdigitating  boundary,  and  as  the  basin  widens 
southward  sandstone  intervenes  and  passes  gradually  into  the  coarser 
bed£  on  either  aide.  This  is  repeated  on  a  more  extensive  scale  in  the 
southern  wider  part  of  the  basin.  '      '•  "  *"*»»<*,f*' 
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The  behavior  of  the  great  overflow  trap  sheets  is  instructive  as 
indicating  the  character  of  the  bottom  over  an  extended  area  at  a 
k'iven  time.  The  Deerfield  sheet  is  an  overflow,  as  is  proved  by  the 
beautiful  ropy  surface  at  Turners  Falls.  That  it  flowed  over  the 
muddy  bottom  of  the  basin  is  indicated  by  the  kneading  together  of 
trap  and  shale  in  Greenfield.  (See  p.  208.)  It  rests  on  the  Mount 
Toby  conglomerate  from  Gill  Center  nearly  to  Fall  River,  then  on 
Longmeadow  sandstone  to  Deerfield,  then  on  Sugarloaf  arkose  to 
the  Connecticut,  and  on  the  Mount  Toby  conglomerate  to  the  south 
end  of  Mount  Toby.  It  is  covered  by  the  same  rocks  as  those  which 
lie  beneath  it,  and  had  little  effect  on  the  later  rocks,  except  that  the 
boundary  of  the  Longmeadow  sandstone  and  the  Mount  Toby  con- 
glomerate is  shifted  to  the  north  by  an  amount  equivalent  to  the 
thickness  of  the  trap. 

The  same  is  true  of  the  Holyoke  sheet.  At  its  north  end  the 
same  buff  arkose  that  underlies  it  also  rests  on  it  and  has  not  been 
affected  in  the  slightest  degree  by  the  abundant  iron  in  the  trap, 
as  it  was  immediately  covered  by  the  strong  currents.  It  continues 
to  rest  on  the  arkose  to  Holyoke  and  from  there  to  the  south  line 
of  the  State  rests  on  the  Longmeadow  sandstone  and  the  Chicopee 
shale.  All  these  rock  types  thus  formed  portions  of  the  bottom  of 
the  basin  at  the  same  time. 

The  shallowing  of  the  basin  effected  by  the  outflow  of  the  great 
mass  of  trap  made  itself  manifest  in  the  transfer  of  the  boundary 
of  the  arkose  and  sandstone  far  to  the  north.  That  is,  it  shallowed 
the  waters  so  that  along  the  central  axis  of  the  valley  the  finer- 
grained  sandstones  characteristic  of  the  shallower  central  area  ex- 
tended much  farther  north.  This  conclusion  strengthens  the  impres- 
sion, derived  from  the  abundant  signs  of  repeated  emergence  of  the 
sandstones  from  the  water  and  the  absence  of  such  signs  from  the 
arkose,  that  the  sandstone  was  deposited  in  shallower  water  and 
often  laid  bare.  That  the  arkose  and  the  calcareous  shales  were 
being  deposited  at  the  same  time  is  further  shown  by  the  fact  that 
from  Titans  Pier,  where  the  Holyoke  diabase  sheet  crosses  the  Con- 
nocticut,  nearly  to  Westfield  River,  a  distance  of  about  10  miles,  the 
diabase,  which  here  everywhere  rests  directly  on  the  coarse  arkose,  is 
filled  with  fragments  of  the  fine-grained  shales  and  dove-colored 
limestones,  which  were  in  place  at  the  bottom  of  the  basin  in  the 
area  far  to  the  east  or  southeast,  whence  it  came.  iit&.m 

EVIDENCE  or  THE  PRESENCE  OF  ICE  AND  VIOLENT  CURRENTS  FROM  THE 
CHARACTER  OF  CONTACTS  AND  CONSTITUENTS,  , 

The  contact  of  the  shore  beds  with  the  schists  is  first  seen  in  Ber- 
nardston, in  the  brook  just  south  of  the  Devonian  limes  tone.  Here 
.'here  rests  on  the  basset  edges  of  the  Devonian  quartxite  a  thin 
M344-— BoIL<tfT_iT  f 
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remnant  of  the  conglomerate  made  up  of  a  coarse  red  sandstone,  full 
of  large  angular  fragments  of  the  rocks  on  which  it  rests. 

On  Fox  Brook  south  of  the  road  over  "West  Mountain,  in  Bernard- 
ston,  the  very  coarse  arkose  can  be  seen  almost  in  contact  with  the 
schists,  showing  that  almost  from  the  beginning  the  strong  north- 
ward currents  carried  their  granitic  material  from  the  south  even 
into  this  far  northern  portion  of  the  basin.  In  Leyden  Glen,  in  the 
northwest  corner  of  Greenfield,  a  brook  gorge  affords  an  opportunity 
to  study  the  extreme  contortion  of  the  argillite,  as  well  as  the  con- 
tact of  theTriassic  beds  with  it.  Just  below  the  dam  of  a  burnt  mill 
a  basal  stratum  of  the  Triassic  is  plastered  against  the  argillite,  the 
plane  of  contact  dipping  45°.  The  stratum  is  here  made  up  of 
subangular  masses,  nearly  an  inch  across,  of  the  vein  quartz  derived 
from  the  argillite,  and  is  quite  uncemented.  It  is  1  to  1A  inches 
thick,  and  passes  gradually  up  into  a  bed,  2  or  3  inches  thick,  contain- 
ing many  smaller  pebbles  of  the  white  vein  quartz  in  a  deep-red  paste. 
This  grades  into  a  deep  chocolate-colored  layer — a  coarse,  pebbly 
arkose — full  of  muscovite  and  feldspar,  but  with  much  vein  quartz, 
and  argillite  also,  and  this  continues  upward  across  the  brook, 
becoming  lighter  in  color. 

In  the  gorge  of  the  next  tributary,  50  feet  lower  down  on  the 
same  side,  traces  of  the  basal  conglomerate  bed  "rest  nearly  horizon- 
tally on  the  vertical  slates  for  245  feet  up  the  brook.  It  is  a  striking 
rock,  containing  large  white  quartz  pebbles  in  the  bright-red  sand. 
Above  this  place,  just  at  the  entrance  of  the  brook,  is  a  bluff,  and  in 
it  the  basal  bed  grades  through  3$  feet  of  fine  red  sandstone  into  a 
bed  10  feet  thick  of  coarse  buff  arkose  with  two  thin  conglomerate 
layers,  and  above  this  is  a  bed  10  to  12  feet  thick  of  a  conglomerate 
with  pebbles  an  inch  across;  strike  N.  70°  E.,  dip  15°  S.  These  are 
mostly  well-rounded  masses  of  the  vein  quartz  from  the  argillite,  also 
of  gneiss,  mica  schist,  argillite,  and  similar  rocks.  These  bowlders  are 
commonly  full  of  iron  rust.  Circumstances  favoring  the  deposition 
of  iron  oxide  were  present  from  the  beginning,  and  after  a  brief 
period  (during  which  the  waters  advancing  on  this  sharp  slope 
deposited  only  the  angular  quartz  masses  so  generally  abundant  in 
the  argillite,  yet  wanting  just  here)  the  strong  currents  brought  up 
from  the  south  the  granitic  material  of  the  Williamsburg  area,  18 
miles  away,  so  that  there  for  a  long  time  and  for  a  considerable 
distance  out  into  the  valley  by  far  the  larger  and  the  finer  portion 
of  the  deposit  was  this  far-traveled  granite  dlbris,  whereas  the 
coarser  and  more  angular  portion  was  vein  quartz  from  the  argillite. 
The  black  mud  from  the  argillite  seems  to  have  been  swept  away 
entirely  and  to  have  found  no  place  of  permanent  deposit  north  of 
Holyoke," 
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Farther  south  the  rock  is  everywhere  a  coarse  pudding  stone 
whose  large  pebbles  of  vein  quartz  and  schist  are  derived  from  the 
adjacent  bluffs  of  mica  schist  and  become  smaller  and  rarer  away 
from  the  bluff  eastward,  until  in  Deerfield  River  they  are  mostly 
lacking.  The  matrix  in  which  these  large  pebbles  are  embedded  is 
a  cuarse  arkose  with  much  kaolinized  feldspar  and  muscovite,  which 
could  not  have  been  furnished  by  the  dark  schists  that  make  the 
siiore  for  miles  north  and  south  but  which  have  drifted  up,  as  before 
indicated,  from  the  south. 

From  this  point  south  the  arkose  abuts  against  the  western  wall 
clear  across  the  State,  and  few  of  its  pebbles  are  larger  than  an 
8-inch  cube.  Thus,  at  Whately,  in  the  roadside  near  the  school  south 
of  the  village,  the  arkose  contains  8-inch  pebbles  of  a  coarse  granite 
exactly  like  that  of  Williamsburg,  in  a  mass  of  coarse  granitic 
debris,  but  the  adjacent  argillite  and  tonalite  are  wanting  in  the 
rock. 

The  northernmost  outcrop  of  the  Triassic  occurs  half  a  mile  north 
of  Northfield,  where  the  Winchester  road  starts.  It  is  a  coarse  con- 
glomerate, which  appears  in  continuous  outcrops  west  of  the  village 
street  and  may  be  best  studied  in  the  fine  roches  moutonnees  in  front 
of  the  church  erected  by  Mr.  D.  L.  Moody  and  along  the  brook  near 
by,  a  little  west  of  the  gristmill.  Here  the  pudding  stone  contains 
pebbles  of  granite,  quartzite,  and  amphibolite.  One  block  of  a  flat 
barren  mica  schist  was  2  feet  long.  The  whole  series  comes  from 
the  escarpment  of  crystalline  rocks  directly  east;  and  the  great  fault 
at  the  foot  of  this  escarpment  is  about  100  rods  east,  which  probably 
represents  the  distance  of  the  shore  line.  A  mile  farther  south,  at 
the  south  end  of  the  village,  the  conglomerate  contains  pebbles  of 
the  peculiar  coarse  hornblende  rock  that  crops  out  in  the  lower  por- 
tion of  the  escarpment  due  east,  and  there  only,  which  indicates  that 
these  conglomerates  have  spread  thinly  from  the  foot  of  the  scarp, 
less  than  a  mile  east 

The  section  at  the  month  of  Millers  River  is  interesting  and  pecul- 
iar. The  farthest  bluff  visible  on  the  south  side  of  the  Connecticut 
to  one  standing  at  the  mouth  of  the  tributary  is  composed  of  the 
coarse  conglomerate  of  the  Triassic.  To  reach  it  one  passes  along 
the  shore  over  a  coarse  muscovite  granite  and  at  a  small  brook  comes 
upon  an  outcrop  of  the  Leyden  argillite  and  of  quartz  schist,  wholly 
crushed  and  slickensided.  Just  above  high  water,  on  a  horizontal, 
slightly  faulted  contact  plane,  is  a  coaly  dirt  bed,  full  of  frag- 
ments of  the  subjacent  argillite,  which  passes  westwardly  befieath 
the  conglomerate  bluff.  This  is  the  coarsest  shore  breccia,  wholly 
derived  from  the  adjacent  argillite  and  showing  no  granitic  mate- 
rial. Many  blocks  are  8  feet  long;  one  measured  43  inches  long.  The 
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whole  region  shows  intense  crushing  and  faulting,  though  there  is 
no  indication  of  great  throw. 

The  conglomerate  is  exposed  along  the  river  ahout  25  rods,  ^here 
it  dips  40°  X.  and  strikes  N.  80°  E.  Beneath  the  sandstone  is  a 
thin-l>edded  gray,  slialy  rock,  which  for  many  rods  is  crushed  into 
a  mass  of  slickensided  pencils. 

The  conglomerates  rise  in  Mount  Tohy  to  their  greatest  height  and 
their  most  extensive  development  The  steep  walls  of  the  deep 
gorge  which  borders  this  mountain  on  the  east  show  sheer  cliffs  and 
enormous  bowlders  of  the  coarsest  conglomerate,  and  high  above 
the  bottom  of  the  valley,  in  the  beds  of  Roaring  Brook  and  of  the 
next  brook  to  the  north,  the  contact  of  this  conglomerate  on  an 
ancient  quartzite  can  be  seen. 

This  mountain  is  a  slate  conglomerate  from  base  to  summit  and 
from  its  eastern  slopes  westward  nearly  to  the  Connecticut  High 
up  on  its  western  slope  there  are  two  bands  of  sandstone,  which 
penetrate  the  mountain  with  slight  eastward  dip  and  indicate  two 
horizons  at  which  a  deepening  of  the  water  sent  the  finer  sediment 
far  east  over  the  shoreward  conglomerates.  The  high  level  (310 
feet  above  the  sea)  at  which  the  crystalline  rocks  of  the  South 
Leverett  plain  pass  beneath  the  conglomerate  on  the  east  slope  of 
the  mountain  and  the  rising  of  the  whetstone  and  amphibolite 
through  it  at  Whitmores  Ferry,  on  the  west  slope,  show  that  the 
rock  is  less  than  1,000  feet  thick,  as  the  mountain  is  only  1,260 
feet  high. 

In  TVilbraham,  just  east  of  the  academy,  there  are  outcrops  of  a 
dull-brown  rotted  conglomerate,  and  next  to  the  east  a  highly  in- 
durated muscovitic  quartzite,  full  of  quartz  reins  and  of  dark  color, 
rises  sharply  to  form  the  eastern  escarpment  of  the  valley.  All,  or 
nearly  all,  the  pebbles  of  the  conglomerate,  which  are  1  inch  to  8 
inches  long,  are  from  this  schist 

The  contact  of  the  two  rocks  may  be  seen  in  the  bed  of  the  brook, 
which  crosses  the  road  just  south  of  the  village  (south  of  J.  Hol- 
man's  place),  by  following  the  brook  east  to  the  foot  of  the  scarp. 
Here,  resting  on  the  black  crushed  and  silicified  schist,  there  is  a 
compact  pudding  stone  with  abundant  pebbles,  about  4  inches  long, 
of  the  schist  in  a  ground  of  deep-red  sandstone. 

OUTCBOPS  OF  CBT8TAUJNE  BOCK8  IN  MIDST  OF  MOUNT  TOBT  CON- 

GLOMEJUTB. 

OOBWAY  SCHIST  AT  WHTTHOBES  RUT,  a  SVHDXBLAHD. 

The  discovery  of  large  outcrops  of  the  underlying-  rocks  in  the 
heart  of  the  Mount  Toby  conglomerate  has  proved  very  useful,  as 
well  in  throwing  light  on  the  distribution  of  the  older  rocks' beneath 
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(he  Triassic  as  in  accounting  for  the  source  of  the  materials  of  a 
huge  portion  of  the  conglomerates  and  the  extreme  coarseness  of 
those  conglomerates  at  long  distances  from  the  old  shore  bluffs, 
which  seemed  to  be  the  only  source  for  them.  Several  of  the  rocks 
which  thus  outcrop  are  unique,  and  their  presence  in  abundance  in 
the  conglomerate  had  long  been  a  puzzle.  Again,  at  certain  points 
in  the  mountain  far  from  the  shore  the  pebbles  of  the  conglomerate 
are  rather  large  and  maintain  their  size  in  a  small  area  around  the 
central  point.  This  phenomenon  has  enabled  me  to  locate  several 
outcrops  of  crystalline  rocks  in  the  midst  of  the  conglomerate. 

The  first  area  discovered  forms  the  ledges  over  which  the  water 
runs  at  the  mill  at  Whitmores  Ferry,  east  of  the  road,  though  west 
of  the  road  it  runs  over  black,  fish-bearing  shaly  sandstone.  .The 
crystalline  rock  is  here  a  black,  fine-grained,  and  thin-bedded  horn- 
blende schist  hardly  distinguishable  from  the  black  sandstone.  On 
the  plateau  above,  just  south  of  the  mill  pond,  the  western  well- 
smoothed  ledge  is,  at  its  north  end,  composed  of  a  dark-green,  very 
fine  grained  hornblende  schist,  striking  north  and  standing  vertical, 
full  of  wavy  quartz  veins  and  lenses  placed  with  the  bedding.  The 
whole  is  little  jointed,  but  a  few  feet  along  the  surface  the  traces  of 
jointing  increase  in  distinctness  and  farther  south  become  slightly 
opened  planes,  then  traces  of  motion  of  the  fragments  are  seen,  and 
infiltrated  sand  appears,  now  indurated  in  the  joints.   The  breccia- 
tion  increases  to  the  point  where  the  fragments  are  thrown  into 
confusion,  but  one  can  see  how  they  may  be  moved  back  into  their 
places.   At  a  distance  of  3  rods  from  the  beginning  the  whole  is  a 
breccia  of  large  plates  of  the  parent  rock;  at  10  rods  one  begins  to 
see  foreign  pebbles— quartz  and  gneiss— and  for  a  mile  south  the 
hornblende  schist  pebbles  jean  be  found  in  abundance.   East  of  the 
amphibolite,  which  is,  perhaps,  10  rods  wide,  is  a  band  of  light-gray, 
fine-grained,  thin  and  flat  laminated  quartz  schist  (whetstone),  and 
still  farther  east  is  a  second  adjoining  bed  of  the  fine-grained  horn- 
blende schist   The  first  bed  forms  the  face  of  the  bluff,  and  the 
water  pours  over  it ;  it  can  be  examined  along  the  path  up  to  the 
dam.   Southward  all  these  rocks  show  a  fuil  repetition  of  all  that 
lias  been  described  for  the  first  band,  and  the  quartz  schist  is  more 
abundant  in  the  conglomerate  and  more  characteristic  of  it  than  any 
other  rock. 

ONSISS  OF  HILL  WEST  OF  KOBTAeVX. 

On  the  northern  slope  of  this  hill,  near  the  bouse  of  H.  H. 
Taylor  (now  burned )*  with  its  center  at  the  branching  of  the  road— 
at  the  northernmost  loop  of  the  320-foot  contour  on  the  map— is  -a 
Inrge  outcrop  of  a  spotted,  thin  and  wavy  bedded  gneiss.  It  is  a 
large  outcrop,  as  the  ice  has  planed  the  conglomerate  off  from  the 
whole  north  face  of  the  hill,  and  its  similar  position  to  that  of 
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Mount  Warner,  in  the  Amherst  Basin,  is  interesting.  Tins  was 
a  meat  hill  in  Triassie  time,  and  furnished  material  in  large  amount 
as  the  waters  rose  over  it.  Toward  the  north  the  Triassie  rock  grows 
abruptly  finer,  but  the  long  exposures  in  the  bed  of  the  stream  at 
the  foot  of  the  hill,  100  rods  north,  arc  composed  of  a  coarse,  pebbly 
sandstone,  derived  almost  wholly  from  this  peculiar  rock. 

Vll  around  the  south  border  of  the  gneiss  the  exposures  of  the 
contact  are  excellent,  and  the  undisturbed  ledge  passes  gradually 
through  the  stages  described  above  at  Whitmores  Ferry  until,  at  a 
distance  of  a  few  rods,  a  coarse  agglomerate  is  found,  in  which  I 
measured  one  egg-shaped  block  47  inches  long.  In  the  entire  hill, 
for  miles  to  the  south,  the  large  glacial  bowlders  of  this  rock  are 
so  abundant  that  I  searched  especially  for  an  outcrop  of  the  older 
rock  and  found  it  here.  The  conglomerates  are  thrown  off  in  all 
directions  from  this  mass,  and  in  the  brook  dip  30°  E.  away  from 
the  hill.  The  gneiss  bowlders  weather  more  rapidly  than  the  fine 
paste  and  form  great  holes  in  the  conglomerate. 

At  the  northernmost  point  in  the  south  wood  road,  on  Mount 
Toby,  is  probably  another  similar  outcrop,  as  blocks  40  to  45  inches 
occur,  and  3  rods  east  of  the  east  end  of  this  road  is  another  out- 
crop of  a  fine  granite  which  protrudes  through  the  conglomerate. 

FAULTS  IN  THE  TKIASSIC  BASIN. 

The  Triassie  rocks  form  a  great  "graben"  or  sunken  block 
bounded  on  either  side  by  nearly  vertical  faults  or  broad  crush 
zones  which  run  at  the  foot  of  the  bluffs  that  bound  the  basin  on 
both  sides.  The  fault  on  the  west  is  offset  in  harmony  with  the  fore- 
springing  angles  of  the  trap  outcrops. 

The  mass  of  Mount  Toby  is  broken  up  into  fault  blocks,  and  a 
major  fault  is  beautifully  exposed  at  the  waterfall  east  of  Whit- 
mores  Ferry  in  Sunderland. 

From  the  south  Mount  Tom  is  seen  to  be  a  table  mountain,  where 
a  nearly  horizontal  sheet  of  trap,  300  feet  thick,  rests  on  a 
great  pedestal  of  sandstone,  which  rises  about  900  feet  above  the 
sea,  with  steep  scarps  on  the  west,  south,  and  east.  At  the  foot  of 
tbe  eastern  scarp  a  fault  runs  very  obliquely  to  the  course  of  the 
bed,  about  N.  35°  E.,  and  west  of  this  fault  the  mass  is  raised  about 
650'  feet,  so  that  when  viewed  from  the  road  south  of  the  moun- 
tain the' trap  seems  to  come  to  a  sudden  end  in  Mount  Tom,  but 
eastward  its  whole  width  can  be  traversed  and  can  be  followed 
thence  south  continuously  across  the  State.  The  sandstone  can  be 
traced  north  in  a  sharp  triangular  projection  set  in  between  the 
two  sections  of  the  trap  by  the  displacement  of  the  fault  This 
eastward-facing  bluff  of  Mount  Tom  sinks  northward,  but  where 
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the  fault  crosses  the  river  and  makes  the  westward-facing  bluff  of 
.Mount  Holyoke  the  throw  is  about  the  same  but  in  the  opposite 
direction. 

The  slickensided  fault  wall  and  a  6-foot  zone  of  crushed  rock 
have  been  well  exposed  by  the  cut  on  the  electric  road  just  south  of 
the  lower  station  of  the  cable  road  on  Mount  Tom,  and  about  5 
rods  south  along  the  fault,  where  a  small  brook  comes  down  over 
the  trap,  above  a  small  quarry,  there  is  an  excellent  exposure  of 
the  fault  which  shows  a  marked  brecciation  of  the  adjacent  beds. 

The  ridge  reaches  its  culmination  in  Mount  Tom  because  of  the 
great  upthrow  on  this  fault  running  at  the  eastern  foot  of  the 
mountain  and  not  because  of  any  thickening  of  the  trap  sheet 
there;  the  thickness  is  about  250  feet  at  Mount  Nonotuck  and- 
lbout  300  feet  at  Mount  Tom.  It  then  sinks  to  a  comparatively 
low  level  but  continues  south  as  an  unbroken  ridge,  which  rises 
in  Proven  Mountain,  in  Agawam,  to  625  feet  and  runs  with  thick- 
ness not  greatly  diminished  to  the  south  line  of  the  State.  On 
Percival's  map  of  Connecticut  it  is  prolonged  without  interruption 
to  the  south  line  of  Simsbury. 

Parallel  to  the  fault  at  Mount  Tom  run  three  other  faults,  far- 
ther south,  which  cross  the  trap  ridge  very  obliquely,  and,  what 
is  of  more  interest  and  importance,  all  four  run  parallel  to  the 
western  rocky  border  of  the  basin.  One  forms  a  gap  in  the  range 
in  Holyoke  through  which  passes  the  railroad  which  connects  this 
town  with  Westfield,  and  this  I  have  called  the  Holyoke  fault.  The 
second  forms  the  notch  for  the  passage  of  Westfield  River,  after 
which  I  have  named  it.  The  third  determines  a  notch  in  the  range 
nt  the  point  where  it  enters  Connecticut,  and  I  have  referred  to  it 
as  the  State  line  fault.  Details  of  this  fault  where  it  crosses  the 
u  posterior "  dike  and  the  river  at  the  Holyoke  dam  are  given  in 
Monograph  29.x 

These  parallel  faults  divide  the  country  into  narrow  orographic 
blocks,  which  are  tilted  to  the  east,  producing  the  uniform  easterly 
dip.  Furthermore,  each  block  seems  to  be  raised  vertically  as  com- 
pared with  its  neighbor  on  the  east,  a  structure  which  seems  most 
marked  in  Mount  Tom.  This  structure  produces  a  pattern  in  the 
boundary  of  the  trap  ridge  on  the  map  which  is  repeated  at  each, 
fault.  The  western  boundary  of  trap  on  sandstone  below  swings 
round  in  sickle  shape  to  meet  the  fault,  and  the  eastern  boundary 
of  sandstone  on  trap  is  transferred  to  the  northeast  along  the  fault 
line.  Thus  the  ridges  are  slightly  in  echelon,  each  ending  in  a  high 
rounded  bluff  on  the  south,  and  their  continuation  is  moved  north 
mid  east  and  begins  in  a  sharp  point. 


•  D.  8.  QeoL  Surrey  Mon.  29,  pp.  870,  476.  1808. 
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As  the  fault  lines  run  so  nearly  parallel  to  the  trap  they  form 
its  boundary  for  long  distances.  This  is  recognizable  on  the  east 
by  the  fact  that  where  the  sandstone  rests  normally  on  the  trap  the 
upper  surface  of  the  trap  is  very  scoriaceous  and  full  of  inclusions; 
where  the  fault  boundary  is  present  on  this  side  sandstone  occurs  in 
immediate  proximity  to  compact  trap  for  long  distances.  On  the 
west,  in  many  places,  if  not  in  all,  vertical  bluffs  and  u  Devils  Gar- 
dens" of  trap  debris  coincide  with  the  fault  Iwundaries  of  the  trap 
along  the  uplifted  edge  of  the  blocks.  The  effect  of  these  faults  is 
more  manifest  on  the  narrow  "  posterior  "  bed. 

MINERAL  VEINS. 

The  only  mineral  veins  in  the  western  part  of  Massachusetts  are 
of  the  "  baryta-lead  formation,"  though  in  some  of  the  fissures  there 
seems  to  have  been  an  antecedent  M  fluorspar-calcite  formation," 
which  is  now  scarcely  represented  except  by  the  many  pseudomorphs 
of  quartz  after  fluorite  and  calcite.  Circulating  waters  bearing  silica 
dissolved  out  or  replaced  the  fluorite  and  calcite,  introducing  the 
second  stage  of  vein  filling,  and  the  veins  soon  became  quartz-barite- 
galena  deposits,  with  chalcopyrite  and  sphalerite  in  places  replacing 
the  galena.  It  is  quite  possible  that  the  fluorspar-calcite  formation 
dates  from  the  time  of  the  post-Carboniferous  folding,  and  entirely 
probable  that  the  baryta-lead  veins  coincided  with  the  faulting  of 
the  Triassic  rocks,  as  they  occur  both  in  the  Triassic  sandstones  and 
traps  and  in  the  older  adjacent  rocks. 

All  the  minerals  which  occur  in  the  veins  mentioned  above  are 
described  in  detail  in  my  "  Mineralogical  lexicon  of  Franklin,  Hamp- 
shire, and  Hampden  counties"1  and  in  the  supplement  to  that  list 
in  chapter  22  of  Monograph  29,  where  all  the  veins  are  described. 
They  occur  at  many  places  in  the  Triassic  bed?  and  in  the  border 
country. 

The  principal  mining  has  been  done  at  Loudville,  where  the  vein 
produced  lead  with  about  12J  ounces  of  silver  to  the  ton  from  galena. 
Sphalerite,  chalcopyrite,  pyrite,  and  bornite  occurred  more  rarely; 
barite  and  quartz  in  abundant  crystals  formed  the  gangue.  As 
decomposition  products,  malachite  appeared  with  wulfenite,  and 
cerusdte,  stolzite,  anglesite,  limonite,  pyrolusite,  and  the  finest  pyro- 
morphite  occurred.  Pseudomorphs  after  calcite  and  fluorite  indi- 
cate the  more  abundant  presence  of  these  gangue  minerals  in  former 
times. 

At  the  granite  quarry  east  of  Florence,  in  Northampton,  the  great 
crush  faults  were  occupied  first  by  calcite,  which  is  now  present 
only  in  a  few  crystals  coated  with  transparent  cubes  of  fluorite  but 
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is  further  represented  by  negative  crystals  in  barite  and  quartz. 
Barite  followed  the  calcite  and  shot  through  all  the  cavities  in  broad 
plates  of  extreme  thinness.  This  was  followed  by  an  abundant  dep- 
osition of  quartz,  both  as  drusy  surfaces  and  as  pseudomorphs  after 
calcite,  and  by  barite.  There  is  also  an  abundance  of  a  chocolate- 
colored  tabular  quartz,  slashed  full  of  fissures  from  which  the  blades 
of  barite  have  disappeared;  this  quartz  is  a  most  perfect  pseudo- 
inorph  after  the  peculiar  tabular  form  of  calcite  called  argentine, 
which  occurs  also  on  the  other  border  of  the  great  granite  area. 

The  quartz  is  followed  by  prehnite  in  broad  surfaces  of  large 
crystals  simple  or  slightly  rosetted.  The  prehnite  was  followed  by 
laiimont'ite  in  fine  large  crystals  possessing  the  wholly  peculiar  form 
characteristic  of  this  mineral  but  now  represented  only  by  hollow  in- 
crustation pseudomorphs  in  albitc,  which"  appear  as  minute,  limpid, 
very  characteristic  twins.  The  whole  forms  thus  a  very  peculiar  but 
very  clearly  observed  pangenesis. 

THE  TRIASSIC  FAUNA  AND  FLORA  OF  THE  CONNECTICUT  VALLEY.* 
By  Richasd  Swan ir  Lull,  Ph.  D* 
ENVIRONMENT. 

In  an  exhaustive  report  on  the  Triassic  life  of  the  Connecticut 
Valley,  recently  published  by  the  Connecticut  Geological  and  Natural 
History  Survey,*  I  have  presented  the  following  main  conclusions. 

The  region  was  formerly  supposed  to  be  an  estuary  or  basin  to 
which  the  tidal  ebb  and  flow  had  daily  access,  laying  bare  at  inter- 
vals vast  mud  flats  over  which  the  animate  population,  vertebrate 
and  invertebrate,  small  and  great,  wound  its  devious  way,  leaving 
trails  and  impressions  which,  after  partly  hardening,  would  be  cov- 
ered by  the  sediment-laden  waters  and  thus  preserved. 

A  maturer  judgment,  based  on  the  evidence  afforded  by  the  char- 
acter of  the  sediments,  the  nature  of  certain  physical  phenomena 
which  the  deposits  show,  and  above  all  the  total  absence  of  marine 
forms,  or  even  such  as  would  point  to  brackish-water  origin,  from 
the  record  of  the  organic  life,  leads  us  to  picture  surroundings  quite 
at  variance  with  the  older  idea. 


1  /  'trlrf  of  the  state  of  oar  knowledge  concerning  the  paleontology  of  tbe  Triassic 
"P  t  time  when  Prot.  Loll  published  hla  FoasU  footprints  cf  tbe  Jura-Trias  of  North 
America  (Boston  Sot  Nat.  Hist.  Mem,  ToL  6.  p.  461.  1804)  Is  siren  In  O.  8.  Geol.  Surrey 
"  D  m'  188*-  *»  *»•  P»P«  here  contributed  Prot  Loll  gives  bis  matured  remits 
•oneernln.  the  paleontoloiT  of  the  TrUante  period  and  the  light  which  tbe«  results 
£™  .?CU"  °f  tb*  r**,W'  durtn«  O-t  period.    He  ha,  given  .  more  popular 

»™».  »ST  OoM-etlc.t  Trias  (Am.  Jour.  Set.  4th  ser..  vol.  M  pp 

«;  ^:^r^:^'g^wui1"  °<  ^ 
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Our  new  conception  is  that  of  a  broad  but  shallow  depression  lead- 
ing from  a  point  near  the  Vermont  border  on  the  north  to  New  Haven 
Bay  on  the  south,  bordered  by  higher  uplands  formed  of  more  an- 
cient rock,  the  weathering  of  which  gave  rise  to  the  material  which 
composed  the  Triassic  sediments  themselves.  This  ancient  valley 
had  already  a  well-established  drainage,  for  evidence  is  at  hand  of 
the  existence  of  at  least  one  considerable  stream  with  its  system  of 
tributaries.  At  times  the  drainage  was  temporarily  deranged,  prob- 
ably by  extensive  lava  flows  or  by  the  warping  of  the  surface  due  to 
subterranean  volcanic  forces,  giving  rise  to  more  or  less  extensive 
bodies  of  standing  water,  which  teemed  with  the  curious  armored 
M  ganoid  "  fishes  characteristic  of  Triassic  time.  Evidence  of  this  is 
found  at  certain  localities  in  Massachusetts  and  Connecticut  in  the 
form  of  black  bituminous  shale  deposits  containing  an  abundance  of 
piscine  fossils  and  of  plants.  At  times  great  volcanic  activity  oc- 
curred, which  resulted  in  pouring  over  the  surface  widespread  sheets 
of  lava,  some  of  them  of  great  thickness.  These  phenomena  gave 
rise  to  the  so-called  trap  sheets,  the  anterior,  main,  and  posterior, 
which  were  preceded,  separated,  and  followed  by  periods  of  tran- 
quillity of  unequal  lengths,  during  which  the  life-recording  sediments 
were  laid  down. 

The  organic  evidence  points  to  a  climate  of  semiarid  character, 
probably  with  increasing  dryness  as  Triassic  time  rolled  on,  though 
doubtless  there  were  cycles  of  varying  humidity,  which,  as  Hunting- 
ton has  shown,  have  occurred  in  the  Near  East  during  historic  times. 
Sudden  changes  in  the  character  of  deposition  point  at  intervals  to 
those  torrential  rains  so  characteristic  of  semidesert  regions  to-day. 

The  landscape  was  clothed  with  vegetation,  which  bore  the  mark 
of  antiquity  in  its  monotonous  somber  greens  and  which  was  dis- 
tinguished by  the  sparseness  and  lack  of  variety,  except  locally, 
which  characterizes  our  great  Southwest  The  plants  were  of  three 
main  sorts — ferns,  cycads,  and  conifere — all  of  which  must  have 
been  a  source  of  food  to  some,  at  least,  of  the  denizens  of  the  Triassic 
lands. 

THE  FLORA. 

Davis  and  Loper1  hive  recorded  several  plant  species  from  the 
so-called  anterior  and  posterior  black  shale  bands  of  Connecticut. 
These  include  the  following  forms:  Of  the  Conifera,  a  gingko  or 
maidenhair  tree,  Baxera  miinsteriana,  Pachyphyllum  simile,  and 
P.  brevifolium;  of  the  cycads,  represented  to-day  by  the  sngo  palm, 
Cycadinocarpus  chapini,  Otozamites  brevifoUus,  O.  latior,  and  Cteno- 
phyllum  braunianum;  and  of  the  Equiseta?  or  scouring  rushes,  Equi- 
setwm  rogersi  and  "  calamite-like  stems,  with  head."  There  is  also 


»  Davit,  W.  M.,  and  Lops*.  B.  W..  GeoL  Soc  America  Bull.,  toI.  2.  pp.  425-tSO,  1891. 


TRIASSIC  SYSTEM. 


107 


found  a  fern,  Clathropteris  plaiyphylla,  in  the  coarse  sandstones  of 
Mount  Tom,  and  another,  TcbTriopteris,  from  the  gray  footprint-bear- 
ing shales  as  well.  Another  conifer,  which  may  be  Palissya,  and 
twigs  of  Cheirolepis  muensteri  have  been  found  in  the  footprint- 
bearing  Field's  Orchard  quarry  at  Gill,  Mass.,  which  are  much 
younger  than  either  of  the  black  shale  belts.1 

THE  FAUNA. 

The  record  of  animate  life  is  of  a  twofold  character;  on  the  one 
hand,  there  are  the  relatively  rare  actual  fossils,  arid  on  the  other 
the  trails,  impressions,  and  footprints,  which  occur  in  these  rocks 
in  a  profusion  and  perfection  of  detail  elsewhere  unknown.  This 
evidence  points  to  a  diverse  horde  of  creatures,  both  invertebrate  and 
vertebrate.  Of  the  invertebrates  there  are  known  with  fair  assur- 
ance worms,  mollusks,  and  arthropods,  including  insects,  and  prob- 
ably crustaceans  and  myriapods.  Of  the  vertebrates  there  were 
doubtless  present  three  classes — fishes,  amphibians,  and  reptiles. 
The  presence  of  birds  has  been  neither  proved  nor  disproved,  for 
though  the  great  majority  of  the  so-called  "bird  tracks"  are  un- 
questionably referable  to  dinosaurs,  there  are  some  of  which  one 
can  not  be  so  sure.  Presumptive  Mammalia  are  known  from  deposits 
of  nearly  equivalent  age  in  South  Carolina,  hence  their  appearance 
in  the  Connecticut  Valley  is  not  impossible,  but  I  know  of  no  form 
of  footprints  which  suggests  a  probable  mammalian  origin. 

nrVEBTEBSATES, 

Of  the  fauna  but  two  or  three  invertebrates  are  known  from  actual 
fossils.  A  neuropterous  insect,  probably  the  larva  or  nymph  of  an 
aquatic  type,  occurs  in  great  abundance  in  two  or  three  localities  in 
the  neighborhood  of  Turners  Falls.  This  species  is  known  to  science 
as  Mormolucoides  articvlatus  Hitchcock  and  is  interesting  as  the 
most  ancient  recorded  insect  larva.  Another  insect  has  been  reported 
from  a  railroad  cut  not  far  from  Middletown,  Conn.,  but  its  identity 
is  as  yet  unknown. 

On  January  28,  1912,  Miss  Mignon  Talbot  lent  to  the  Yale  Uni- 
versity museum  specimens  of  the  crustacean  Estheria  found  near 
West  Holyoke,  the  first  record  of  the  genus  in  the  Connecticut 

1 1  have  also  described  tbe  fern*  Maerotrniopterlt  w  nnifoll*  and  Attroearpma  vwpfe- 
ImtU  and  the  catamite  BcMitoneura  pla»ico*1af  (D.  a  GeoL  Surv-j  Hon.  20,  p.  394. 
1x118),. from  the.  beda  in  Itasaaebnaetto. 

Newberry  gave  the  name  Loperia  simple*  to  the  amaU  imperfect  cylindrical  stems 
common  In  the  sandstone*,  and  two  anch  sterna  hare  been  found  In  bowlders  to  Ashen* 
(see  Am.  Jour.  Sd..  4th  ner,  voL  41.  p.  821,  1»16)  aa  small  cylinders  of  amygdaloid  t» 
greenish  compact  trap.  They  are  smooth  and -tapering  with  cordate  cross  section.  On* 
Is  2  feet  long,  2)  Inches  across  at  one  end.  and  an  Inch  at  the  other.  They  seem  to  hare 
been  formed  by  the  trunk  being  enveloped  to  the  lata  and  burned  and  the  hole  nUed  by  a 
later  amygdaloid.   Such  occurrence*  are  found  at  Kllsnea — B.  K.  B. 
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Valley,  though  it  is  known  abundantly  from  the  Triassic  of  Penn- 
sylvania. 

Of  the  Molluscn.  several  occurrences  have  been  published.  But  one 
find,  however,  that  recorded  by  Einei'son  from  a  locality  near  Wil- 
braham,  Mass.,  is  authentic.  It  consists  of  a  slab  bearing  at  least 
1-t  impressions  of  shells  representing  at  least  two  species  of  Vnio,  of 
which  one  was  descril>cd  by  Emerson  as  Anoplophora  icilbrahamen>- 
tit.1  This  shell  should  be.  known  as  Unio  urilbrahamensis  and  the 
other  .species  I  have  named  U.  emersoni,  in  honor  of  its  discoverer.1 

Of  known  invertebrate  trails  the  number  is  considerable.  They 
are,  however,  with  few  exceptions  so  obscure  as  to  be  difficult  of  exact 
diagnosis.  The  revised  list  of  sj>ecies,  descriptions  of  which  are  pub- 
lished in  the  author's  recent  memoir,  is  given  below.  All  the  species 
were  identified  by  Edward  Hitchcock. 

Fhjlum  ARTHROPOD  A. 
Class  INSECT  A. 

Genus  Acanthichnus  with  9  species,  A.  cursorius,  A.  alternant,  A. 
alatus,  A.  saltatorius,  A.  anguineus,  A.  trilinearis,  A.  punctatus,  A. 
rectilinearis,  and  A.  divaricatut. 

Genus  Bifurculapes  with  5  species,  B.  laqueatus,  B.  tuberculatum, 
B.  curcatus,  B.  scolopendroideus,  and  B.  elachittotatut. 

Genus  Lithographus  with  3  species,  L.  hieroglyphicus,  L.  cruscu- 
laris,  and  L.  punctatus  (Copeza  punctata  of  Hitchcock). 

Genus  Copeza  with  1  species,  C.  triremit. 

Genus  Hexapodichnus  with  2  species,  H.  magnus  and  IT.  horrent. 
Genus  Conopsoides  with  2  species,  C.  larvalis  and  C.  curtut. 
Genus  Harpepus  with  1  species,  H.  capUlarit. 
Genus  Sagittarius  with  1  species,  S.  alternant. 

'    IN'CEKT^E  SEDI8. 

Other  trails,  undoubtedly  those  of  arthropods,  but  of  what  class  or 
classes  within  the  phylum  there  is  considerable  doubt,  are  as  follows : 
Genus  Lunula  with  1  species,  L.  obscura. 

Genus  Pterichnus,  probably  myriapod,  with  1  species,  P.  tardigra- 
dut,  referred  by  Hitchcock  to  Acanthichnus  tardigradus  and  later 
to  Pterichnus  centipet. 

Genus  Ha  mi  pes  with  1  species,  U.  didactylus. 

Genus  Sphaerapus  witl  2  species,  S.  ua-valis  and  S.  magnus. 

Genus  Grammepua  with  2  species,  O.  erismatus  and  O.  unordinatut. 

Genus  Strati  pes  with  1  species,  5.  lotus. 

Genus  Saltator  with  2  species,  8.  Upedatxts  and  8.  caudatut. 

1  Am.  Jour.  net,  4tb  ier.,  Ml  10.  p.  58,  1000. 

•Idem  rol.  .13.  p.  407.  1012.    C.  emrr.o.C  hu  Hn  bra  described  by  K.  U  Troaell 
(Idem.  vol.  88,  pp.  400-403,  1914). 
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Phjlum  VERMES. 

Of  Vermes,  using  the  term  in  the  broad  sense  of  the  older  zoologies, 
wc  have  the  following  forms: 

Genus  Herpystezoum  with  4  species,  //.  marshii,  II.  ni.inv.tum,  II. 
intermedium,  and  II.  magnum,  referred  by  Hitchcock  to  the  genus 
tTnisulcus.  ' 

Genus  Halysichnus  with  2  species,//,  laqueatus  and  II.  tardigradus. 
Genus  Cunicularius  with  1  species,  C.  retrahens. 
Genus  Cochlea  with  1  species,  C.  archimedea. 
Genus  Cochlichnus  with  1  species,  C.  anguineus. 

Phylaai  MOLLUSCAT 

Under  the  phylum  Mollusca  ?  are  placed  some  dubious  trails,  which 
differ  from  those  assigned  to  the  worms  in  being  multiple,  double,  or 
triple.  The  genera  thus  assigned  are  as  follows: 

Genus  Bisulcus  with  1  species,  B.  undulatus. 

Genus  Trisulcus  with  1  species,  T.  laqueatus. 

Genera  of  doubtful  origin. 

Genus  Harpagopus  with  1  species,  H.  dubius. 
Genus  Grammichnus  with  1  species,  G.  alpha. 
Genus  Climacodichnus  with  1  species,  C.  corrugatut. 
Genus  .Enigmichnus  with  1  species,  A.  multiformis. 

AQUATIC  VEBTEBEATES. 

Of  the  fishes  Dr.  C.  R.  Eastman,  in  a  characteristically  excellent 
paper,1  gives  the  following  summary: 

I.itt  of  fossil  fishes  occurring  in  the  "  Newark "  or  Upper  Triassic  rocks  oj 
eastern  North  America. 
[Names  of  species  found  la  the  Connecticut  Valley  arc  marked  with  an  asterisk.] 
OOSflOPTKBTOn. 

Family  Oapiacanthlda : 

'Diplnrus  longioaudatns  Newberry. 

AcnuoPTEsTan. 

Family  Cttopteridie : 

•Catoptcrus  gracilis  J.  H.  Bedfleld. 
*Catopterus  redfleW  Egertoo. 

Dietyopyge  maerura  (W.  C  Redfleld). 
Family  8em!oootldsB : 

*Accntrophorus  chicopctuis  Newberry. 
'Scmionotus  agassisi  (W.  C  Bedfleld). 

Semionolus  brauni  (Newberry). 

Scmionotus  elegant  (Newberry). 
'Scmionotus  fultus  (AgnssU). 

Scmionotus  gigas  (Newberry). 

8emionotus  Uncatns  (Newberry). 
'Bemionntus  micropterns  (Newberry). 

»  Restates,  C  R,  TrUsde  takes  eC  C—naillfl :  Coeaectlcut  deal,  sad  Nat.  Ok*.  Surrey 

Run.  it,  psx  ja.  n.  uu. 
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Family  Semionotlda? — Continued. 

'Scmionotua  ovatu*  (W.  C.  Redfleld). 
Scmiunolu*  robustut  (Newberry). 

*Scmionotu»  tenuiccps  (Agasslz). 
Family  Eugnathidae : 

*  1't ychohpis  mar$hi  Newberry. 

This  fauna  is  made  up  exclusively  of  ganoids  except  for  one 
ci  ossopterygian,  and  from  comparisons  with  fish  faunas  of  the  Old 
World  it  is  considered  to  be  of  more  or  less  manifold  nature  and 
corresponds  in  a  general  way  to  the  interval  between  the  uppermost 
Muschelkalk  and  the  basal  "division  of  the  Kcuper  in  the  Mediter- 
ranean region. 

TEKBESTH1AL  VEBTFBBATES. 

Reference  has  already  been  made  to  the  great  disparity  in  num- 
bers of  actual  bone  remains  as  compared  with  the  footprints,  and 
though  the  number  of  footprints  contained  in  our  museums  is  so 
great  as  to  be  unrecorded,  and  many  more  have  been  destroyed,  the 
skeletal  remains  are  by  no  means  as  rare  as  is  generally  supposed, 
for,  as  a  matter  of  fact,  no  fewer  than  three  genera  and  five  species  of 
dinosaurs,  one  species  of  a  Belodon,  and  two  species  of  aetosaurs  have 
been  described  from  the  Connecticut  Valley  alone,  and  the  actual 
number  of  specimens  naturally  exceeds  this  record  of  different  forms. 
Geographically,  osseous  remains  are  reported  from  Greenfield,  Bel- 
chertown,  South  Hadley,  Springfield,  and  Longmeadow,  in  Massa- 
chusetts; and  from  East  Windsor,  Ellington,  Manchester,  New 
Haven,  and  Simsbury,  in  Connecticut.  The  footprints  occur  scat- 
teringly  the  entire  length  of  the  valley  from  above  Turners  Falls 
to  New  Haven,  but  the  greatest  abundance,  both  of  separate  localities 
and  profusion  of  species  and  specimens,  is  in  the  northern  portion 
of  the  area,  specifically  around  Turners  Falls  and  near  South  Hadley. 
Hitchcock,  in  the  "  Ichnology  of  Massachusetts,"  enumerates  no  fewer 
than  38  quarries  containing  fossil  footprints,  and  a  very  few  locali- 
ties have  been  discovered  since  that  time. 

The  creatures  known  from  the  bones  are  as  follows: 

Claw  BBPTHAA. 

Order  Paramenia  Huxley : 

Suborder   Aetoeaurla   Nicholson   and   Lydekker  (=Pseudosuchla 
ZltteJ) : 

Family  AetosaurldK : 

Stegomufl  arcuatus  Marsh.    New  Haven,  Conn. 

Stegomus  longtpea  Emerson   and   Loom  Is.  Longmeadow, 

Suborder  Phytosauria  Beur: 

Family  Phytosaurlda*  McGregor: 

Rotkxkm  (Belodon)  valldus  (Marsh).   Simsbury,  Conn, 
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Order  Dinosaurla  Owen: 

Suborder  Theropoda  Marsh : 

Superfamlly  Megalosaurla  Baur: 
Family  Anchlsauridre  Marsh : 

Anchisaurus  (Meguductylus)  polyzelus  (E.  Hitchcock, 

jr.).    Springfield,  Mass. 
Anchisaurus  colurns  Marsh.   Manchester,  East  Windsor, 
Conn. 

Anchisaurus  solus  Marsh    Manchester,  Conn. 
Ammosaurus  major  Marsh.   Manchester,  Conn. 
Superfamlly  Compsognatha  Huxley: 
Family  Podokesaurida?  Lull : 

Podokesaurus  holyokcnsis  Talbot.   South  Hadley,  Mass. 

These  forms  may  be  briefly  described  as  follows: 
The  Parasuchia  were  Reptilia  of  more  or  less  lizard-like  form  and 
had  an  outer  armor  consisting  of  bony  plates  which  were  in  part 
segmentally  arranged.  They  were  distinguished  from  the  later 
crocodilians  mainly  by  the  internal  nares  (nostrils).  These  were 
normal  in  position  and  not  shifted  far  to  the  rear  by  the  growth  of 
a  secondary  bony  palate,  as  in  the  modern  crocodile,  which,  by  bring- 
ing the  nasal  chamber  into  direct  communication  with  the  glottis, 
prevents  drowning  when  the  animal  devours  its  prey  under  water. 
The  Parasuchia  were  both  aquatic  fish-eating  forms  and,  in  the 
Aetosauria,  truly  terrestrial  reptiles,  though  still  doubtless  of  car- 
nivorous habits. 

Stegomus  arcuatus  Marsh  is  represented  by  the  impressions  of  the 
dorsal  armor  only,  which  show  it  to  have  consisted  of  narrow  trans- 
verse plates  extending  from  the  mid  line  well  across  the  back,  flanked 
by  smaller  plates  along  the  sides.  Each  of  these  overlapped  its 
successor  behind.  The  animal  was  estimated  by  Marsh  to  be  "of 
moderate  size,  probably  8  or  10  feet  long."  It  is  preserved  in  the 
Vale  University  Museum. 

Stegorrtus  longipes  Emerson  and  Loomis  is  much  more  completely 
known,  as  nearly  the  entire  armor  from  neck  to  rump  is  preserved, 
and  also  the  skull,  sacrum,  and  remains  of  the  limb  bones.  The 
limb  bones  give  indication  of  long,  slender  legs,  and  the  animal  was 
apparently  small.  Its  limbs  indicate  most  strongly  a  correlation 
with  certain  abundant  footprints  of  the  genus  Batrachopus  in  which 
the  long  step  and  narrow  trackway  suggest  a  mammal-like  gait, 
though  the  feet  themselves  were  still  typically  reptilian.  A  restora- 
tion of  Stegomus  longipe*  is  shown  in  Plate  III,  A.  The  original 
specimen  is  preserved  in  the  Museum  of  Amherst  College. 

The  specimen  of  Rutiodon  validus,  described  by  Marsh  as 
Belodon,  is  much  more  meager,  consisting  of  a  single  incomplete 
scapula.  It  pertains,  however,  to  a  very,  well  known  genus,  abundant 
remains  of  which  have  been  found  elsewhere  than  in  the  Connecticut 
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Valley,  so  that  the  entire  character  of  the  animal  is  approximately 
known!  This  creature  was  of  decidedly  more  crocodile-like  aspect, 
being  comparable  to  the  modern  gavials,  with  long,  attenuated  snout 
and  "slender,  conical  teeth,  which  inhabit  the  large  rivers  of  India. 
Kutiodon  also  doubtless  resembled  the  gavial  in  its  fish-eating  habits, 
and  the  finding  of  such  remains  at  Simsbury,  Conn.,  implies  the 
presence  during  early  Newark  time  of  a  large  river  or  fresh-water 
lake,  containing  sufficient  fish  for  the  maintenance  of  animals  which 
may  have  attained  the  length  of  a  dozen  feet.  The  original  specimen 
of  Rvtlodon  valuing  is  preserved  in  the  Yale  Museum. 

The  dinosaurs  of  the  Connecticut  Valley  which  are  known  from 
their  osseous  remains  are  all  carnivores,  but  within  that  group 
(Theropoda)  two  sorts  are  represented— the  heavier,  more  power- 
fully aggressive  ancliisaurs  and  the  slender  swift-running  podoke- 
saurs,  representatives  of  the  two  main  phyla  of  the  suborder. 

The  anchisaurs,  represented  by  two  genera  and  four  species,  were 
animals  of  fairly  robust  proportions,  especially  Ammosaurus  major, 
bipedal,  though  their  fore  limbs  were  proportionately  larger  than 
those  of  the  carnivores  of  later  geologic  time  and  were  still  well 
fitted  for  grasping  their  prey.  There  is  no  evidence,  however,  though 
their  footprints  are  known  by  the  hundreds,  that  4hey  ever  placed 
the  hands  on  the  ground,  even  while  resting.  The  teeth  in  the  skull 
of  Anchhaurus  colurug  are  not  of  the  piercing  and  cutting  type  seen 
in  the  larger,  more  aggressive  carnivores  from  other  regions,  but  are 
somewhat  spatulate,  amply  sufficient,  however,  for  the  feebler  rep- 
tilian and  amphibian  creatures  which  doubtless  formed  their  prey. 
Their  light,  hollow  bones  and  their  complete  bipedalism  imply  swift 
movement  over  a  wide  range  of  territory. 

Of  the  known  anchisaurs,  Anchisaurus  solus  Marsh  is  the  smallest; 
its  estimated  length  was  about  feet.  A.  colurus  Marsh  was  7  feet 
in  length,  and  A.  polyzelut  Edward  Hitchcock,  jr.,  was  of  nearly 
equivalent  size,  A.  colorus  being  slightly  the  larger,  and  Ammotaunu 
major  Marsh  was  perhaps  8$  feet  in  length.  A  iestoration  of  Aneki- 
tav.ru*  colurue,  both  skeleton  and  flesh,  is  shown  in  Plate  IV,  A  and 
B.  With  the  exception  of  the  type  of  Anchuauru*  polyzeliu,  which 
is  preserved  at  Amherst  College,  the  Yale  Museum  contains  all  the 
known  material  pertaining  to  this  group. 

Podokeeauru*  holyojcensi*  Talbot1  represents  the  latest  discovery 
of  dinosaurian  remains  in  the  Connecticut  Valley  region.  It  was 
found  by  Dr.  Mignon  Talbot,  professor  of  geology  in  Mount  flolyoke 
College,  near  Sooth  Hadley,  in  1910.  This  animal,  whfrfc  fc  known 
from  the  entire  skeleton  of  the  trunk  and  much  of  the  tr.  ,1  and  limbs 
but  unfortunately  lacks  the  head  and  anterior  portion  of  the  neck,  I 
have  restored  as  a  long-limbed  type  with  an  excessively  long  and 
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A.  STEGOMUS  LONGIPES  EMERSON  AND  LOOMIS. 
Ltnfth  I  fact  7  Inoh— . 


B.  PODOKESAURUS  HOUYOKENSIS  TALBOT. 
J  tMt  9  inchM. 


a  ANOMCEPUV  A  PLAWT. EATING  DINOSAUR. 
(7  Mm  In  ..nrM  U  wW)  H^fcp^  „  „.  >rftWl  M  


TRIASSIC  DINOSAURS  OF  THE  CONNECTICUT  VALLEY 

Mod*  mmd»  by  ft.  (,  Lull. 
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A.  SIDE  OF  MODEL  SHOWING  SKELETON. 
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B.  SIDE  OF  MODEL  SHOWING  FORM  OF  ANIMAL. 

ANCH,S«mUS  COLUReU8N«ARSH.uf  TJJASSKi  O.N03AU.  OF  THE 

Modtl  mad*  by  R.  S.  Lull.  Unfth  » '••»* 
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slender  tail.  (See  PI.  Ill,  B.)  The  head  is  restored  from  that  of 
Coinpsognathus,  of  the  Middle  Jurassic  of  Bavaria,  hut  the  rest  is 
bused  almost  without  exception  on  the  type  skeleton-  The  estimated 
length  of  Podokesaurus  is  3|  feet. 

Porlokesaurus  was  essentially  a  slender  cursorial  animal,  carnivor- 
ous in  habit,  but  the  very  slenderness  which  gave  it  such  celerity  of 
movement  necessarily  confined  it  to  feeble  prey,  of  which  the  foot- 

I prints  manifest  so  great  an  abundance.  That  it  was  related  to  the 
group  represented  later  by  Ornitholestes  from  the  Morrison  forma- 
tion and  Ornithomimus  from  the  close  of  the  Cretaceous  seems  cer- 
tain :  in  fact,  I  see  no  feature  to  debar  it  from  a  more  or  less  direct 
ancestry  to  its  American  successors  in  time. 


FOOTPRINTS. 

In  the  nomenclature  of  the  footprints  it  is  deemed  advisable  to 
keep  the  genera  and  species  entirely  separate  from  those  of  the  skele- 
tal remains,  even  though  two  names  may  thereby  be  applied  to  one 
organism,  the  one  to  the  animal,  the  other  to  its  tracks.  The  reasons 
for  this  are  that  even  the  best  of  correlations  may  possibly  be  in- 
exact, owing  to  unavoidable  differences  in  the  limitations  of  genera 
and  species  in  ichnology  and  osseous  paleontology. 

The  classification  is  mainly  that  of  Lull,  1904,  with  some  modifica- 
tions due  to  the  increase  of  our  knowledge  since  that  time.  The 
better-known  groups  are  considered  first,  the  obscurer  forms  last. 

Clan  BEPTOJA. 
Order  PARASCCHTA  Hmley. 
Suborder  AKTOSAUKIA  Nkhaboa  and  Ljdckk.tr. 
Genu  BATRACHOPTJS  Edward  Hitchcock. 

Quadrupedal;  hand  with  5  or  4  broad,  clawless  digits,  generally 
directed  forward.  Foot  4-tocd,  with  slender  acuminate  claws,  all 
pointing  forward.  Hand  and  foot  impression  close  together  nearly 
in  a  right  line.  Stride  very  long. 

It  is  probable  that  the  footprints  of  Stegomus,  were  they  known, 
would  prove  identical  with  some  of  the  species  here  included. 

Batrachopus  includes  five  species,  which  differ  from  each  other 
mainly  in  size."  They  are  Batrachopus  deweyi  (Edward  Hitch- 
cock), B.  dispar  Lull,  B.  gracilis  (Edward'Hitchcock),  B.  graeQior 
(Edward  Hitchcock),  B.  bellus  (Edward  Hitchcock).  Of  these  the 
impression  of  the  hand  of  B.  deweyi,  the  largest,  is  about  25  milli- 
meters long,  whereas  that  of  the  much  larger  foot  measures  43  milli- 
meters and  the  step  100  to  113  millimeters.  B.  dispar  shows  a  greater 
disproportion  between  hand  and  foot,  and  B.  graeHior  is  the  smallest, 
the  hand  being  £,  the  foot  15,  and  the  step  46  millimeters. 
50244*— BuIL  687— 17  8 
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Genu  CHEIBOTHEROIDES  Edward  Hitebcwek. 

Quadrupedal;  feet  unequal  in  size;  foot  functionally  4-toed;  hand 
with  5  digits.  Three  inner  digits  of  the  foot  of 
rounded  flaws,  the  fourth  does  not.  Limbs  rather  short,  ratio  of 
foot  to  step  being  as  3  to  4.   

There  is  but  one  species,  C heirotheraides  pUulatH*  Edward  Hitch- 
cock, which  has  a  foot  22.5  millimeters  in  length.  From  Turners 
Falls,  Mass. 

Order  DINOSAURIA  Own. 
Suborder  THEROPODA  afarafc. 

These  are  footprints  of  carnivorous  dinosaurs.  Strictly  bipedal, 
digiti-rade  forms  with  a  generally  tetradactyl  mesaxonic  foot;  hallux 
occasionally  forms  an  impression  but  generally  is  rotated  to  the  rear. 
Claws  acuminate.  Limbs  moderately  to  very  long,  trackway  nar- 
row, and  a  few  of  the  tracks  show  a  tail  trace.  In  the  genera  I  have 
included  under  this  suborder  the  hand  is  never  impressed  and  here 
are  included,  if  such  there  are,  the  tracks  made  by  birds. 

Genu  ANCHISAURIPTJS  Ul. 

Tetradactylous,  the  hallux  impression  when  present  is  in  the  rear 
of  digit  IL  Well-marked  phalangeal  pads,  anterior  claws  acumi- 
nate, No  tail  trace.  In  this  genus  the  limbs  are  of  moderate  length, 
though  variable  with  the  individual's  gait 

There  are  several  species,  of  which  the  best  known  as  Anchvsaun- 
pus  sZHmani,  formerly  Brontozoum  siUimanium,  which  has  a  foot 
that  averages  153  millimeters  in  length  and  a  stride  of  300  to  560 
millimeters.  This  is  the  ichnite  which  I  have  correlated  with  the 
dinosaur  Anchisaurus  colurus  Marsh-  Localities,  nearly  aU  those  of 
the  upper  horizon. 

Anchisauripus  hitchcocki  Lull  is  somewhat  smaller,  its  foot  being 
119  millimeters  in  length.  Locality,  Lily  Pood,  Turners  Falls,  Mass. 

A.  tuberosum  (Edward  Hitchcock)  has  a  foot  168  millimeters  in 
length;  A.  exsertus  (Edward  Hitchcock),  226  millimeters;  A.  minus- 
cuius  (Edward  Hitchcock),  the  largest  species,  correlated  with  Am- 
mosaurus  major  Marsh,  307  millimeters  in  length.  A.  paraOehu 
(Edward  Hitchcock),  a  foot  of  peculiar  character,  is  bat  165  milli- 
meters long.   

Gem  OTOTJPHSFTJB  CaafMMav 

In  the  original  description  this  track  is  represented  as  tridactylous, 
with  thick  digits  that  show  indistinct  phalangeal  impressions  and 
are  terminated  by  fairly  sharp  claws.  The  distinctive  feature,  how- 
ever, on  which  Dr.  Cushman  lays  great  stress,  is  that  of  a  scalloped 
weblike  expansion  all  around  the  margin  of  the  track.  The  original 
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specimen  has  been  unavailable  for  study,  but  as  a  wave  of  mud ^dis- 
placed by  the  creature's  weight  has  been  mistaken  for  a  weblike 
expansion  in  several  other  specimens,  notably  those  of  Otozoum  (see 
p.  119),  I  am  skeptical  concerning  the  validity  of  the  web  as  a  generic 
character  here,  especially  in  view  of  the  fact  that  what  is  apparently 
a  second  species  is  represented  in  the  Yale  University  Museum  (Cat. 
No.  2059),  in  which  no  trace  of  the  expansion  can  be  seen. 

Otouphepus  magnificus  Cushman,  from  Gill,  Mass.,  has  a  length  of 
165  millimeters  for  the  foot,  that  of  the  step  being  unknown. 

Otouphepus  minor  Lull,  also  from  Gill,  has  a  foot  about  half  the 
length  of  that  of  the  first  species,  namely  85  millimeters. 

Genu  GIGANDIPUS  Edward  Hitchcock. 

Large  bipedal  forms;  foot  tetradactyl,  hallux  semirotated,  its  axis 
lying  at  right  angles  with  that  of  the  foot  Foot  flatly  digitigrade. 
Claws  acuminate.  With  or  without  tail  trace. 

Gigandipus  caudatus  Edward  Hitchcock,  from  Turners  Falls, 
Mass.,  a  huge  form  with  a  foot  length  of  445  millimeters  and  a 
stride  of  more  than  a  meter.  If  the  relative  proportions  to  those  of 
the  Morrison  Allosaurus,  the  length  of  which  is  recorded  as  34  feet, 
held  good  throughout,  G.  caudatus  must  have  attained  a  length  of 
approximately  27  feet,  which  would  make  it  one  of  the  most  majestic 
dinosaurs  of  Newark  time. 

Genu  HYPHEPU8  Edward  Hltcfccach. 

Bipedal,  tetradactylous,  hallux  impressing  its  entire  length  and 
curved  sharply  backward.  Phalangeal  pads  obscurely  defined,  an- 
terior digits  apparently  clawless. 

Byphepus  fieldi  Edward  Hitchcock,  from  Turners  Falls,  has  a 
foot  length  of  128  millimeters  and  a  step  of  153  millimeters. 

Genu  KUBBONTES  Edward  HJtcacwtk. 

Large  bipedal  forms  with  a  functionally  tridactyl  foot,  as  with 
one  doubtful  exception  the  hallux  is  never  impressed.  Claws  acumi- 
nate to  blunted,  digits  broad  with  distinct  phalangeal  pads.  Caudal 
trace  absent 

In  my  earlier  wcrk  this  genus  was  classed  with  the  Orthopoda 
(plant- feeding  dinosaurs)  largely  because  of  the  generally  blunted 
claws;  in  the  recent  report,  however,  the  presence  of  a  hand  impres- 
sion with  rounded  digits  is  considered  the  only  true  criterion  of  a 
herbivore  from  the  ichnologic  point  of  view. 

Eubrontcs  gig  anient  Edward  Hitchcock  is  perhaps  the  best  known 
of  all  the  Connecticut  Valley  tracks,  for  its  huge  size  and  numerous 
occurrences  appeal  strongly  to  the  imagination,  the  animal  vying 
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with  that  vrhose  feet  made  the  impressions  discussed  above  as  Gigan- 
dipus.  Length  of  foot.  370  millimeters;  its  breadth,  225  millimeters; 
length  of  step,  1,090  to  1,170  millimeters.  In  distribution  it  ranges 
from  the  Turners  Falls  locality  to  Portland  and  Middleficld,  Conn., 
and  is  also  recorded  from  New  Jersey. 

Eubrontes  approximate  (C.  H.  Hitchcock),  from  Turners  Falls, 
has  a  foot  from  381  to  408  millimeters  in  length;  the  stride  is  910 
to  1.080  millimeters.  This  species  is  distinguished  from  the  preced- 
ing one  mainly  in  its  slenderer  proportions.  It  is,  however,  often  ex- 
tremely difficult  to  decide  to  which  of  the  two  species  a  specimen 
should  be  referred. 

Eubrontes  divaricatus  (Edward  Hitchcock),  from  the  Turners 
Falls  region  and  South  Hadley,  Mass.,  Wethersfield,  Conn.,  and 
Whitehall,  N.  J.,  has  a  foot  310  to  3G0  millimeters  in  length;  the 
step  is  1,040  to  1,190  millimeters. 

Eubrontes  platypus  Lull,  from  Turners  Falls,  has  a  foot  267  mil- 
limeters in  length;  the  step  is  1,135  millimeters,  very  long  in  propor- 
tion to  the  foot 

Eubrontes  tuberatus  (Edward  Hitchcock),  from  the  Turners  Falls 
region,  has  a  foot  249  millimeters  in  length ;  the  step  is  unknown. 

Genu  GRALLATOR  Edward  Hitchcock. 

Typically  small  bipedal  forms;  footprints  tridactyl;  limbs  very 
long;  no  hand  nor  tail  impressions.  Distinguished  from  Anchisauri- 
pus,  which  it  most  closely  resembles,  by  length  of  limb,  general  small- 
ness  of  track,  and  absence  of  the  hallux  impression. 

Grallator  cursorius  Edward  Hitchcock,  which  is  found  in  the 
entire  length  of  the  valley  from  the  Turners  Falls  region  to  Middle- 
field,  Conn.,  and  also  in  Milford  and  Whitehall,  N.  J.,  is  one  of  the 
most  conspicuous  of  the  smaller  iehnites,  corresponding  most  closely 
to  the  cornpsognathoid  dinosaur  Podokesaurus  holyokensU  Talbot  in 
form  and  proportions,  horizon,  and  locality.  Length  of  the  foot,  79 
millimeters;  of  the  step,  610  millimeters. 

Grallator  tenuis  Edward  Hitchcock,  from  Turners  Falls  and  South 
Hadjey,  Mass.,  and  Wethersfield  and  Portland,  Conn.,  is  a  form  sep- 
arable with  difficulty  from  G.  cursorius.  Its  length  of  foot  is  73 
millimeters;  its  step  is  195  millimeters. 

Grallator  gracilis  C.  H.  Hitchcock,  from  the  Turners  Falls  region, 
Mass.,  Portland,  Conn.,  and  Milford,  X.  J.,  has  a  foot  45  millimeters 
in  length ;  the  step  is  315  millimeters. 

GraUator  cuneatus  Edward  Hitchcock  is  found  in  the  whole 
length  of  the  Connecticut  Valley  and  in  Milford,  N.  J.,  so  that  it  is 
a  very  widespread  species.  Its  length  of  foot  is  125  millimeters;  its 
step  is  460  to  550  millimeters. 
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fGrallator  formosus  Edward  Hitchcock,  from  Turners  Falls, 
Mass.,  Wethersfield,  Conn.,  and  Whitehall,  N.  J.,  has  a  foot  172 
millimeters  in  length;  its  step  is  655  millimeters. 

Genu  STENONYX  L«IL 

Bipedal,  tridactyl,  digitigrade,  track  very  small,  with  thick  toes, 
long  slender  claws,  and  distinct  phalangeal  pads.  Stride  fairly 
>hort ;  no  tail  trace. 

Stenonyx  lateralis  (Edward  Hitchcock),  from  the  Turners  Falls 
region,  has  a  foot  30  millimeters  in  length ;  its  step  is  70  millimeters. 
If  a  dinosaur  of  the  proportions  of  Compsognathus  longipes  from 
the  "  Lithographic  slate,"  its  length  would  be  about  15  inches. 

Genu*  SRLENICHNUS  Edward  Hitchcock. 

Bipedal,  tridactylous.  Inner  toe  rarely  distinct  Tracks  nearly  in 
line,  without  pads  or  claws.  A  generally  continuous  caudal  trace 
but  slightly  sinuous. 

Sclenichnus  falcatus  Edward  Hitchcock,  from  Turners  Falls, 
Mass.,  has  a  foot  72  millimeters  in  length;  its  step  is  90  millimeters. 

Selenichnus  breviusculus  Edward  Hitchcock,  from  the  Turners 
Falls  region,  has  a  foot  46  millimeters  in  length;  its  step  is  58  milli- 
meters. 

Sabordcr  ORTHOPODA  Cope. 

These  are  footprints  of  plant-feeding  dinosaurs.  Bipedal,  rang- 
ing from  a  plantigrade,  functionally  tetradactyl  foot  (Otozoum)  to 
a  digitigrade,  calcigrade  while  seated,  functionally  tridactyl  one 
(Anomcepus).  The  hand  is  pentadactyl  with  blunt  claws,  and, 
though  occasionally  touching  the  ground  in  the  resting  position,  is 
apparently  never  used  for  locomotion.  It  is  much  smaller  than  the 
foot   A  caudal  trace  is  present  in  a  few  specimens  of  some  genera. 

-Gain  ANOMCEPUS  Edward  Hitchcock. 

Foot  digitigrade,  tetradactyl,  the  subfunctional  hallux  sometimes 
impressing.  All  the  digits  widely  divergent,  those  of  the  hand  rang- 
ing through  180°.  Limbs  only  moderately  long,  and  when  resting 
considerable  weight  is  borne  on  the  hand,  a  point  of  difference  from 
the  succeeding  genus.  The  tail  and  "  ischial  callosity "  sometimes 
impress.   A  restoration  is  given  in  Plate  III,  C  (p.  112). 

Anomcepus  scambus  Edward  Hitchcock,  from  the  Turners  Falls 
region  and  South  Hadley,  Mass.,  has  a  standing  foot  95  millimeters 
in  length;  with  the  heel  the  length  is  168  to  210  millimeters;  the 
step  is  230  millimeters. 

Anomcepus  intermedius  Edward  Hitchcock  may  be  called  the  most 
typical  species.   It  ranges  in  distribution  from  the  Turners  Falls 
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region  to  South  Iladley,  Mass.,  Wethersfield,  Conn.,  and  Whitehall, 
X.  J.  The  length  of  the  foot  is  105  millimeters,  including  the  heel, 
173  millimeters;  that  of  the  step  ranges  from  140  to  235  millimeters. 

A  noma ^ us  curvatu*  Edward  Hitchcock,  from  the  Turners  Falls 
region  and  South  Hadley,  Mass.,  has  a  foot  9S  millimeters  in  length. 
The  length  of  the  foot  and  heel  is  unknown.  The  step  is  230  to  250 
millimeters.  It  is  a  very  close  ally  of  A*  intermedins,  if  not  merely 
a  variety  of  that  species. 

An-omcepus  crassus  (C.  H.  Hitchcock),  from  Whitehall,  N.  J.,  is 
unrecorded  from  the  Connecticut  Valley.  The  length  of  the  foot  is 
190  millimeters;  of  the  step,  3S7  millimeters. 

Anomtepus  minimus  Edward  Hitchcock,  from  Turners  Falls,  Gill, 
and  South  Iladley,  Mass.,  has  a  foot  54  millimeters  in  length.  The 
length  of  the  heel  is  unknown.  It  is  distinguishable  from  all  other 
species  of  Anomoepus  by  its  small  size  and  delicate  proportions. 

Anomoepus  gracUlimus  (Edward  Hitchcock),  from  the  Turners 
Falls  region,  South  Hadley,  and  Chicopee  Falls  ( ?),  Mass.;  Wethers- 
field and  Middlefield,  Conn. ;  and  near  Goldsboro,  York  County,  Pa., 
has  a  foot  64  millimeters  in  length;  the  step  is  180  to  200  milli- 
meters. 

Anomoepus  cuneatus  C.  H.  Hitchcock,  from  the  Turners  Falls 
region  and  South  Hadley,  Mass.,  and  Wethersfield,  Conn.,  has  a  step 
330  to  460  millimeters  in  length. 

Anomoepus  isodactylus  C.  H.  Hitchcock,  from  Turners  Falls,  Mon- 
tague, and  South  Hadley,  Mass.,  has  a  foot  115  millimeters  in  length 
(including  the  heel  230  millimeters) ;  the  step  is  205  millimeters. 

Graas  SAUBOFUS  Edward  Hitchcock. 

Distinguished  from  Anomoepus  by  the  greater  size,  especially  of 
the  hind  foot,  the  less  acuminate  claws,  and  the  less  divarication  of 
the  digits.  The  ischial  callosity  may  impress.  The  foot  also  resem- 
bles that  of  Anchisauripus  but  is  distinguished  therefrom  by  the 
nonrotated  hallux  and  by  the  occasional  impression  of  the  long  heel 
while  resting. 

Sauropus  harrattii  Edward  Hitchcock  is  the  track  commonly 
known  as  Anomapus  major  and  is  recorded  from  the  Turners  Falls 
region  only.  The  length  of  the  foot  is  220  millimeters  (including 
the  heel,  427  millimeters) ;  the  step  is  765  millimeters. 

Gem  APA7TCHNTJ8  Edward  mtrimifc. 

Bipedal,  digitigrade,  functionally  tridactyl,  claws  on  foot  acumi- 
nate. Caudal  trace.  Apatichnus  differs  from  Anomoepus  in  the 
much  shorter  hallux  and  the  relatively  greater  offset  of  the  outer  toe. 

Apatichnus  circumagens  Edward  Hitchcock,  from  the  Turners 
Fulls  region  and  South  Hadley,  Mass.,  has  a  foot  75  millimeters  in 
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length.  The  foot  and  heel  of  a  smaller  specimen  are  127  millimeters 
in  length ;  the  foot  alone  is  half  that  length.  The  average  length  of 
the  step  is  240  millimeters. 

A patichnus  minor  (Edward  Hitchcock),  from  Turners  Falls  and 
South  Hadley,  Mass.,  has  a  foot  225  millimeters  in  length ;  the  step 
is  630  millimeters. 

Genui  OTOZOUM  Edward  Hitchcock. 

Bipedal,  hand  rarely  impressing.  Foot  plantigrade,  functionally 
tetradaetyl;  hallux  nonrotated.  Digits  broad,  with  well-marked 
phalangeal  pads;  claws  more  or  less  rounded.  Hand  apparently 
pentadactyl,  relatively  small.  Occasional  tail  trace.  This  unique 
animal  has  no  counterpart,  so  far  as  our  knowledge  now  goes,  among 
osseous  remains.  It  may  remain  for  some  time  a  baffling  mystery. 
The  so-called  "  web  "  of  Hitchcock  and  of  Lull  proves  to  be  noth- 
ing but  a  wave  of  mud  displaced  by  the  animal's  weight.  The  same 
phenomenon  has  been  observed  in  associated  tracks  of  Anchisauripus 
viUimani  from  Portland,  Conn.,  and  in  Cheirotherium  sp.  of  the  Old 
World.  In  character  of  track  Cheirotherium  comes  nearer  to  that 
of  Otozoum  than  any  known  form. 

Otozovm  moodii  Edward  Hitchcock,  from  South  Hadley,  Mass., 
and  Portland,  Conn.,  has  a  foot  490  millimeters  in  length;* the  step 
is  about  800  millimeters. 

Otozoum,  minus  Lull,  from  the  Turners  Falls  region,  has  a  foot  228 
millimeters  in  length.   The  length  of  the  stride  is  unknown. 

Cheirotherium  (f)  parvum  C.  H.  Hitchcock,  from  Milford,  N.  J. 
(not  found  in  the  Connecticut  Valley),  has  a  foot  190  millimeters  in 
length ;  its  step  is  unrecorded. 

INCEST.*  SKDTS 

Forms  habitually  bipedal.  What  these  forms  were  it  is  difficult 
to  conjecture,  but  as  bipedality  has  evolved  a  number  of  times  in 
dinosaurs,  birds,  several  modern  lizards,  marsupials,  rodents,  man, 
and  other  animals,  it  follows  that  there  may  have  been  other  reptilian 
orders  in  which  cursorial  need  impelled  the  animal  to  assume  the 
erect  or  semierect  pose.  What  these  orders  were  we  can  not,  in  the 
light  of  our  present  knowledge,  ascertain. 

Genu  PLATTPTEENA  Edward  Hitchcock. 

Bipedal,  tridactyl,  plantigrade  or  digitigrade,  generally  with  a 
broad,  rounded  heel.  Digits  narrow,  without  pad  impressions,  and 
but  rarely  showing  distinct  claws. 

Platypterna  deanii  (Edward  Hitchcock),  from  Turners- Falls, 
Mass.,  and  Wethersfield,  Conn.,  has  a  foot  100  to  115  millimeters  long. 
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Platypterna  concamcrata  (Edward  Hitchcock),  from  Turners 
Falls,  Mass.,  has  a  foot  127  millimeters  in  length ;  the  stop  is  200  to 
300  millimeters. 

Platypterna  digltigrada  Edward  Hitchcock,  from  the  Tumors 
Falls  region,  Mass.,  has  a  foot  50  millimeters  in  length;  the  step  is 
100  to  115  millimeters. 

Platypterna  tenuis  (Edward  Hitchcock),  from  Wethersfield,  Conn., 
has  a  foot  69  millimeters  in  length;  the  step  is  178  millimeters. 

Platypterna  delicatuU  (Edward  Hitchcock),  from  Wethersfield, 
Conn.,  has  a  foot  38  millimeters  in  length;  the  step  is  7G  millimeters. 

Platypterna  recta  (Edward  Hitchcock),  from  Gill,  Mass.,  has  a 
foot  95  millimeters  in  length ;  the  step  is  140  millimeters. 

Genu  ARGOIDES  Edward  Hltchcoe*. 

Bipedal,  leptodactylous  (narrow  toed),  tridactylous.  Toes  curved, 
the  lateral  ones  more  cr  less  outward  and  upward  behind,  so  as  to  be 
keel-shaped.  Digitigrade,  rarely  showing  a  heeL 

Argoide*  minimus  (Edward  Hitchcock),  from  the  Turners  Falls 
region,  Mass.,  and  Wethersfield  Cove,  Conn.,  has  a  foot  30  millimeters 
in  length ;  the  step  is  152  millimeters. 

Argoidet  macrodactylus  (Edward  Hitchcock),  from  Turners  Falls 
and  Cabotville,  Mass.,  and  Wethersfield,  Conn.,  has  a  foot  140  milli- 
meters in  length ;  the  step  is  380  millimeters. 

Argoide*  redfiehlii  (Edward  Hitchcock),  from  Chi eo pee  Falls, 
Mass.,  except  for  the  extreme  narrowness  of  its  digits,  agrees  essen- 
tially with  Eubrontes  dicarlcatu*  and  may  prove  synonymous  with 
that  species. 

Genu  PLECTROPTERNA  Edward  ItrUfcewrk. 

Bipedal,  tetradactyl,  plantigrade,  heel  narrow,  tapering  backward, 
not  always  wholly  impressing.  No  phalangeal  pads  nor  distinct 
claws.   Long  limbed. 

Plectropterna  minitans  (Edward  Hitchcock),  from  the  Turners 
Falls  region  and  Chicopee  Falls,  near  Cabotville,  Mass.,  and  Wethers- 
field, Conn.,  has  a  foot  230  millimeters  in  length;  the  step  is  405 
millimeters. 

Plectropterna  angusta  Edward  Hitchcock,  from  the  Turners  Falls 
region,  has  a  foot  110  millimeters  in  length;  the  step  is  305  milli- 
meters. 

Plectropterna  elegant  C.  H.  Hitchcock,  from  Wethersfield,  Conn., 
has  a  foot  127  to  132  millimeters  in  length;  the  step  is  457  to  533 
millimeters. 

Plectropterna  Uneant  Edward  Hitchcock,  from  the  Turners  Falls 
region,  Mass.,  and  Wethersfield,  Conn.,  has  a  foot  65  millimeters  in 
length ;  the  step  is  255  millimeters. 
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Genu.  POLEMARCnUS  Edward  Hitchcock. 

Bipedal,  tetradactyl,  plantigrade,  with  broad  heel  and  a  large, 
half-rotated  hallux.  Toes  slender  in  the  track,  though  it  is  impressed 
on  shale  and  has  doubtless  caved  in  to  some  extent.  No  phalangeal 
pads  nor  claws  are  in  evidence.  Except  for  the  presence  of  the 
hallux  this  form  most  nearly  approximates  Platypterna. 

Polemarchus  polemarchius  (Edward  Hitchcock),  from  Chicopee 
Falls  and  Cabotville,  Mass.,  has  a  foot  376  millimeters  in  length ;  the 
step  is  1,224  millimeters. 

Genu  PLESIORNIS  Edward  Hitchcock. 

Bipedal,  digitigrade,  tridactyl,  with  digits  terminated  by  blunt 
or  pellet-like  claws.  Small  forms  of  doubtful  affinity. 

Ple-siornis  pUvlatus  Edward  Hitchcock,  from  the  Turners  Falls 
region,  Mass.,  has  a  foot  53  millimeters  in  length;  the  step  is  183 
millimeters. 

Genu  SfLLIMANIUS  Edward  Hitchcock. 

Bipedal,  tetradactyl,  hallux  rotated  so  as  to  be  in  line  with  the 
fourth  digit.   Digitigrade  to  semiplantigrade. 

SUlimanius  tetradactylu*  (Edward  Hitchcock) ,  from  Turners  Falls 
and  Cabotville,  Mass.,  and  Wethersfield,  Conn.,  has  a  foot  97  milli- 
meters in  length ;  the  step  is  178  millimeters. 

SQUmanius  gracilior  Edward  Hitchcock,  from  the  Turners  Falls 
region,  Mass.,  and  Wethersfield,  Conn.,  has  a  foot  43  millimeters  in 
length ;  the  step  is  153  millimeters. 

Genu  STERCrCIDES  Edward  HMcfccorfc. 

Bipedal,  tetradactyl,  subdigiti grade  to  semiplantigrade.  Heel 
slopes  upward  so  that  the  impression  commonly  ends  in  ridges  and 
furrows.  The  hallux  is  rotated  backward  so  as  to  be  in  line  with 
digit  IV. 

Steropoidet  diversut  (Edward  Hitchcock),  from  the  Turners  Falls 
region,  Mass.,  and  Wethersfield,  Conn.,  has  a  foot  135  millimeters  in 
length;  the  step  is  250  to  500  millimeters. 

Steropoidet  ingens  (Edward  Hitchcock),  from  the  Horse  Race  in 
GiU,  Mass.,  and  Whitehall,  N.  JL  has  a  foot  460  millimeters  in 
length;  the  step  is  1,020  to  2,020  millimeters.  A  very  large  animal. 

Steropoidet  infeUae  Hay,  from  the  Turners  Falls  region,  Mass., 
and  Wethersfield,  Conn.,  has  a  foot  45  millimeters  in  length;  the 
step  is  135  millimeters. 

Steropoidet  divoricotut  (Edward  Hitchcock),  from  the  Turners 
Falls  region  and  South  Hadley,  Mass.,  has  a  foot  152  to  178  milli- 
meters in  length.  The  maximum  length  of  theiieel  is  50  millimeters. 
The  length  of  the  step  is  unknown. 
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Steropoide,  uncus  (Edward  Hitchcock),  from  the  Turners  Falls 
region,  Mass.,  has  a  foot  82  millimeters  in  length;  the  step  is  215  to 
2->7  millimeters.  US.  uncus  differs  markedly  from  the  other  mem- 
bers of  the  genus  in  the  short  step  and  wide  trackway,  and  also  in 
the  position  of  the  hallux,  which  is  only  semirotated." 

Genu  LAGUNCULAPES  Edw.rd  Hitchcock. 

Bipedal,  digitigrade,  tetradactyl,  with  clawless  digits  widely  radi- 
ating and  more  or  less  flask  or  club  shaped,  dilating  toward  their  tip. 

Lagunculares  lotus  Edward  Hitchcock,  from  the  Turners  Falls 
region,  Mass.,  has  a  foot  22  millimeters  in  length  and  32  millimeters 
in  width;  the  step  is  76  millimeters. 

The  following  forms  are  quadrupedal  in  some  specimens: 

Genu  IIPHOPKZA  Edward  Hitchcock. 

Quadrupedal,  possibly  not  habitually  so;  plantigrade;  the  tetra- 
dactyl foot  much  larger  than  the  hand,  which  in  known  specimens  im- 
presses but  three  digits. 

Xiphopeza  triplex  Edward  Hitchcock,  from  the  Turners  Falls 
region,  Mass.,  has  a  foot  66  millimeters  in  length;  the  step  is  102 
millimeters. 

Genu  TARSODACTTLCS  Edward  Hitchcock. 

Quadrupedal,  digitigrade;  hand  pentadactyl;  foot  tetradactyl, 
with  broad  digits  and  somewhat  acuminate  claws.  Tail  trace 
present 

Tarsodactylue  caudatus  Edward  Hitchcock,  from  the  Turners  Falls 
region,  Mass.,  has  a  foot  80  millimeters  in  length;  the  step  is  about 
200  millimeters. 

Tanodactylut  expansut  C.  H-  Hitchcock,  from  a  locality  near 
Greenfield,  Mass.,  has  a  foot  43  millimeters  in  length;  the  step  is 
127  to  178  millimeters. 

Gobi*  HARPEDACTTLTJS  Unri  Hitchcock. 

Quadrupedal,  tetradactyl,  plantigrade;  heel  long,  digits  somewhat 
curved  inward,  sickle-like. 

Harpedactylua  tenuisrimug  (Edward  Hitchcock),  from  the  Turners 
Falls  region,  Mass.,  and  Wethersfield,  Conn.,  has  a  foot  90  milli- 
meters in  length ;  the  step  is  90  millimeters. 

Harpedactylu*  gracUior  Edward  Hitchcock,  from  the  Turners 
Falls  region,  Mass.,  has  a  foot  41  millimeters  in  length;  the  step 
is  90  millimeters. 

Harpedactylu*  crasius  Edward  Hitchcock  is  s  doubtful  species 
from  an  unrecorded  locality. 
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The  following  forms  are  habitually  quadrupedal : 

Genu.  CORVIPES  Edward  Hitchcock. 

Quadrupedal.  Foot  tridactyl,  birdlike,  digitigrade.  Hand  penta- 
dactyl; digits  curved;  no  phalangeal  or  claw  impressions.  Tips  of 
digits  more  or  less  acuminate. 

Corvipcs  lacertoidem  Edward  Hitchcock,  from  the  Turners  Falls 
region,  Mass.,  and  Wethersfield,  Conn.,  has  a  hand  33  millimeters 
and  a  foot  66  millimeters  in  length ;  the  step  is  43  to  68  millimeters. 

Genu  ANCYROPUS  Edward  Hitchcock. 

Quadrupedal,  plantigrade.  Foot  tetradactyl  or  pentadactyl;  hal- 
lux semirotated;  the  other  digits  turned  outward  very  strongly. 
Hand  tetradactyl ;  digits  as  in  the  foot  but  much  slenderer  in  pro- 
portion to  its  length.  No  pad  nor  claw  impressions  are  preserved. 
Hitchcock  suggests  chelonian  affinities  for  this  animal. 

Ancyropm  heteroclitus  (Edward  Hitchcock),  from  localities  near 
Turners  Falls  and  Moodys  Corner  (?),  Mass.,  has  a  hand  and  a  foot 
51  millimeters  in  length;  the  step  is  63  millimeters. 

Genu  CHELONOIDES  Edward  Hitchcock. 

Quadrupedal;  foot  tridactyl,  digitigrade,  smaller  than  the  planti- 
grade pentadactyl  hand.  No  pads  nor  claws.  Limbs  long  and  body 
wide. 

Chelonoides  incedent  Edward  Hitchcock,  from  Lily  Pond,  Turners 
Falls,  Mass.,  has  a  hand  43  millimeters  and  a  foot  26  millimeters  in 
length ;  the  stride  is  180  millimeters. 

Genu  AJfBLTPUS  Edward  Hitchcock. 

Hand  unknown.  Foot  plantigrade,  tridactylous,  with  the  digits 
curving  inward. 

Amblypus  dextratu*  Edward  Hitchcock,  from  Turners.  Falls, 
Mass.,  has  a  foot  25  millimeters  in  length;  the  step  is  100  to  115 
millimeters. 

Genu  HELCURA  Edward  HJtfhcocfc. 

Quadru pedal ;  toil  and  toes  commonly  drag  on  the  ground. 
Broad  body  trace.  These  traces  give  absolutely  no  data  concerning 
the  form  and  structure  of  the  feet.  Hitchcock  compares  the  mark- 
ings to  those  left  by  living  land  tortoises  and  hence  classes  them 
provisionally  with  the  Chelonia. 

Helcura  anguine  a  Edward  Hitchcock,  from  Turners  Falls,  Mass., 
has  a  stride  of  125  to  150  millimeters,  and  a  trackway  75  millimeters 
in  width.  ':     '  japtg 

Helcura  liitoralu  Edward  Hitchcock,  from  Turners  Falls,  Mass., 
has  a  stride  of  150  millimeters  and  a  trackway  125  millimeters  in 
width. 
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Ilelcura  surgens  Edward  Hitchcock,  from  Turners  Falls,  Mass., 
has  a  trackway  125  to  150  millimeters  in  width.  Xo  tail  trace  nor 
footprints. 

Genu.  EUPALAMOPUS  Hay. 

Quadrupedal  (?);  foot  palmalod.  tetradactyl;  all  toes  directed 
forward.  Heel  stout,  bent  outward.  Hand  not  well  known,  about 
one-third  the  length  of  the  foot. 

Eupalamopus  Januuu*  (Edward  Hitchcock),  from  the  east  face 
of  Mount  Tom,  Mass.,  has  a  hand  90  millimeters  and  a  foot  217 
millimeters  in  length;  the  step  is  535  millimeters.  The  largest 
quadrupedal  track,  if  such  it  is,  in  the  Connecticut  Valley  fauna. 

Genoa  PALAMOPUS  Edward  HHrkenck. 

Quadrupedal;  the  foot  from  two  to  three  times  the  length  of  the 
hand.  Feet  plantigrade,  tetradactyl ;  hand  pentadactyl ;  no  claws  nor 
phalangeal  pad  impressions.    Caudal  trace  present  in  some  speci- 

mens.  ,  _ 

Palamopus  palmatus  (Edward  Hitchcock),  from  the  Turners 
Falls  region,  Mass.,  has  i  hand  23  millimeters  and  a  foot  69  milli- 
meters in  length ;  step  is  84  to  178  millimeters. 

Palamopus  gracUipes  (Edward  Hitchcock),  from  the  Turners 
Falls  region,  Mass.,  has  a  hand  5  millimeters  and  a  foot  15  milli- 
meters in  length ;  the  stride  is  38  to  48  millimeters. 

Palamopu,  rogersi  (Edward  Hitchcock),  from  the  Turners  Falls 
region,  Mass.,  and  Wethen-field,  Conn.,  has  a  hand  15  millimeters  and 
a  foot  28  mil limeters  in  length ;  the  step  is  46  millimeters.  Tail  trace 
when  present  sinuous. 

Genua  EXOCAMPE  Edward  Hllcoeock. 

Quadrupedal;  foot  tetradactylous,  digitigrade;  the  heel  occa- 
sionally impresses;  the  three  outermost  digits  are  curved  outward 
from  the  line  of  direction.  Hand  pentadactyl,  about  half  the  length 
of  the  foot;  does  not  always  impress. 

Exocampe  arcta  Edward  Hitchcock,  from  the  Turners  Falls  re- 
gion, Mass.,  has  a  foot  48  millimeters  in  length;  the  step  is  217 
millimeters. 

Exocampe  or  nut  a  Edward  Hitchcock,  from  the  Turners  Falls 
•region,  Mass.,  and  Wethersneld,  Conn.,  has  a  hand  13  millimeters 
and  a  foot  10  millimeters  in  length;  the  step  is  55  millimeters. 

Exocampe  minima  Edward  Hitchcock,  from  the  Turners  Falls 
region,  Mass.,  has  a  hand  whose  digits  range  from  4  to  5  millimeters 
in  length  and  a  foot  whose  digits  range  from  8  to  8  millimeters  in 
length ;  the  step  ranges  from  28  to  50  millimeters. 
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Genoa  ORTHODACTYLUS  Edward  Hitchcock. 

Quadrupedal,  digitigrade.  Foot  with  four  long  straight  digits, 
diverging  but  little;  clnwless  and  without  phalangeal  pads.  Hands 
pentadactyl,  digits  ranging  through  180°  or  more  of  divarication. 

Orthodactylus  forifcrus  Edward  Hitchcock,  from  Lily  Pond, 
Turners  Falls,  Mass.,  has  a  hand  whose  digits  average  about  13  mil- 
limeters and  a  foot  whose  digits  range  from  15  to  30  millimeters; 
the  step  is  about  180  millimeters. 

Orthodactylus  introvergens  Edward  Hitchcock,  from  the  Turners 
Falls  region,  Mass.,  has  a  foot  whose  digits  range  from  20  to  32 
millimeters  in  length  and  a  hand  whose  digits  are  about  half  as  long. 
The  step  is  54  millimeters. 

Orthodactylus  linearis  Edward  Hitchcock  has  a  foot  whose 
digits  are  from  7  to  13  millimeters  in  length;  the  step  is  43  milli- 
meters. 

Genu  ANTIPUS  Edward  Hitchcock. 

Quadrupedal,  digitigrade.  Foot  tetradactyl  and  hand  pentadac- 
tyl, without  claw  or  phalangeal  impressions.  Hand  and  foot  prints 
point  in  opposite  directions 

Antipus  fltxttoquus  Edward  Hitchcock,  from  Turners  Falls,  Mass., 
lias  a  hand  23  millimeters  and  a  foot  29  millimeters  in  length;  the 
step  is  38  to  84  millimeters. 

Genoa  SUSTENODACTYLUS  Lott, 

Quadrupedal,  digitigrade;  pentadactyl  hand  and  foot.  Digits 
extremely  slender  and  tapering,  without  claws  or  pads.  Foot  about 
twice  the  size  of  the  hand. 

Sustenodactylus  curvatus  (Edward  Hitchcock),  from  Turners 
Falls.  Mass.,  has  a  foot  26  millimeters  in  length;  the  step  is  90 
millimeters. 

Genoa  ISOCAMPK  Edward  Hitchcock. 

Quadrupedal;  hand  and  foot  of  unequal  size,  the  hand  tetradac- 
tylous, possibly  pentadactylous,  the  foot  tetradactylous.  Digits  of 
the  foot  nearly  parallel  and  curved  toward  the  median  line;  those 
of  the  hand  nearly  straight,  divergent.  Xo  pads  nor  claws  Digiti- 
grade and  has  a  tail  trace.   A  short-limbed,  broad-bodied  form. 

hocampe  strata  Edward  Hitchcock,  from  Turners  Falls,  Mass., 
and  Middletown,  Conn.,  has  a  hand  whose  digits  range  from  28  to 
i3  millimeters  and  a  foot  whose  digits  range  from  42  to  58  milli- 
meters; the  step  is  161  millimeters, 

Genoa  BHEPARDIA  Edward  ffltrfcroak. 

Quadrupedal,  digitigrade,  feet  nearly  equal  in  size.   Hand  penta- 
dactyl, foot  tetradactyl,- clawed,  with  a  vestigial  fifth  digit. 
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Shepardia  palnupes  Edward  Hitchcock,  from  Turners  Falls,  Mass 
has  a  hand  whose  digits  range  from  10  to  26  mdhmeters  and  a  foot 
.  hose  digits  range  from  13  to  30  millimeters.  The  step  ,s  unrecorded. 

Gcbu  COMPTICHXUS  E<3.  »rd  Hitchwk. 

Quadrupedal,  tetradactyl.  digitigrade.  Digits  of  the  foot  broad 
showing  neither  claws  nor  phalangeal  impressions;  those  of  the  hand 

mtZ^oTlT^r,  Hitchcock,  from  Lily  Pond,  Turner 
Falls,  Mass.,  has  ■  hand  8  millimeters  and  foot  15  millimeters  in 
length;  the  step  is  65  millimeters. 

Ctmw*  ARACHNICHNUS  tAwmz*  ffiUkCTtk- 

Quadrupedal,  plantigrade.  Foot  tetradactylous,  with  vestigial 
fifth  digit ;  the  impression  of  the  hand  tetradactyl  also.  Limbs  mod- 
erately long,  body  wide. 

Arachnicknu*  dehiscent  Edward  Hitchcock,  from  the  Turners 
Falls  region,  Mass.,  has  a  hand  9  millimeters  and  a  foot  28  milli- 
meters in  length;  the  step  is  7G  to  114  millimeters. 

Genu  TR1/ENOPUS  Edwui  BMrfcr»r% 

Quadrupedal;  tetradactyl  hand  and  foot  Toes  long  and  slender, 
three  directed  forward  with  small  divarication;  fourth  toe  comes 
out  near  the  extremity  of  a  long  heeL 

Tricenopus  baOeyi  (Edward  Hitchcock),  from  Wethersfield,  Conn., 
has  a  hand  70  to  100  millimeters  and  a  foot  100  to  125  millimetere  in 
length;  the  step  is  about  180  millimeters. 

Gem  TOXICHVCS  Kdnri  HMtfccwfc. 

Quadrupedal  (!).  Both  feet  kptodactylous,  tetradactylous,  digi- 
tigrade, toes  all  gracefully  curved  inward,  except  the  innermost, 
which  is  nearly  straight. 

Toxichnut  inaqualU  Edward  Hitchcock,  from  localities  near 
Turners  Falls,  Mass.,  has  a  hand  41  millimeters  and  a  foot  43  milli- 
meters in  length;  the  step  is  120  millimeters. 

Qmm  AJOtOFTO  Mm*. 

Quadrupedal,  digitigrade,  feet  unequal  in  size;  hand  pentadactyl, 
foot  tetradactyl  with  rounded  heeL  Digits  all  curved  but  without 
separate  claw  or  phalangeal  pad  impressions.  Stride  short  and  track- 
way broad. 

Ammopu*  marthi  Lull,  from  the  ferry  above  Turners  Falls, 
Mass.,  has  a  hand  20  to  21  millimeters  in  length  and  18  milli- 
meters in  breadth.  The  foot  has  the  following  characters:  Digit  I, 
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claw  just  touching;  length  of  digit  II,  12  millimeters;  length  of 
digit  III,  26.5  millimeters;  length  of  digit  IV,  16  millimeters; 
length  of  foot,  47  millimeters.  Length  of  step,  75  millimeters. 
Width  of  trackway,  about  90  millimeters.  Type  specimen,  Cat. 
No.  2040  and  its  counterpart,  Yale  collection. 

A  few  other  genera  of  very  doubtful  validity  I  shall  omit  from 
this  enumeration. 

GEOLOGIC  HISTOKT. 

After  the  deposition  of  the  Carboniferous  beds  came  the  Appa- 
lachian revolution — the  crushing  together  of  the  eastern  rocks  of  the 
continent  to  form  the  bordering  mountains,  of  which  Massachusetts 
just  furnishes  a  complete  section.  This  folding  was  accompanied  and 
followed  by  very  extensive  intrusion  of  silicic  igneous  rocks  and  the 
recrystallization  of  the  sedimentary  rocks. 

An  overlapping  period  of  faulting  followed  the  time  of  folding, 
and  blocks  sank  between  parallel  fissures  to  form  "rift  valleys,"  one 
of  which  became  the  Connecticut  Valley  "graben"  or  trench.  One  of 
these  fissures  was  at  the  foot  of  the  scarp  of  the  Worcester  County 
plateau,  just  east  of  the  Central  Vermont  Railway,  from  Pelham 
to  North  Amherst,  and  then  south  at  the  foot  of  the  Belchertown  s^d 
Wilbraham  Hills.  The  western  fault  group  lies  at  the  eastern  foot  of 
the  Berkshire  Hills  near  the  present  western  border  of  the  Triassic 
beds.  The  "  graben  n  was  a  deep  valley  extending  20  miles  wide  from 
the  vicinity  of  Brattleboro  south  past  New  Haven.  Its  eastern  wall 
was  especially  precipitous;  the  western  more  an  exaggeration  of  the 
present  marked  dopes. 

The  outlines  of  the  Connecticut  Basin  were  determined  in  the 
Devonian  period,  for  the  Bernardston  formation  (see  p.  48)  is  bor- 
dered by  shore  conglomerates,  which  coincide  with  the  borders  of  the 
basin  and  the  later  limits  of  the  Triassic  rocks. 

We  believe  that  the  deposits  were  limited  by  those  walls  and  did 
not  extend  far  east  or  west  because,  especially  along  the  west  side, 
any  extension  would  cover  up  many  beds  which  have  each  contributed 
great  volumes  of  debris  to  every  level  of  the  Triassic  from  bottom 
to  top. 

Fragments  of  the  Pelham  granite,  which  forms  the  present  border 

aiS  ^  •?  m  conglomerate  and  arkose. 

A  difficulty  has  long  been  recognized  in  that  the  slates  and  quartxites 
which  make  the  Mount  Toby  conglomerate  were  found  in  place  only 
beneath  the  mountain  itself  and  at  Us  eastern  foot  along  the  Central 

,,nZ  m!^*  *!!!_Iher6       former  of  the  conglomerate 

undoubtedly  covered  it,  whew*  acrom  Leveret*,  Amherst,  and 

°*  n-kes  op  the  arkoTalong 

the  eastern  half  of  the  basin,  and  the  only  pegmatite  from  which 
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this  debris  seems  to  have  come  was  wholly  covered  by  the  arkose 
itself,  and  for  all  this  distance  the  bordering  bluffs  on  the  east  and 
the  high  ground  far  east  are  made  up  of  the  gray  Pelham  granite, 
which  is  wholly  wanting  in  the  Mount  Toby  conglomerate,  as  well 

as  in  the  arkose.  ,     .  ..... 

Now  the  discovery  is  made  that  the  PelRam  granite  is  slightly 
younger  than  the  coarse  pegmatitic  Williamsburg  granodionte, 
which  occupies  the  bottom  of  the  valley  in  Amherst  and  Leverett  and 
rises  to  make  the  high  hills  east  of  Montague  station,  since  the  Pel- 
ham  granite  meets  the  Williamsburg  granodiorite  with  a  horn- 
blende diorite  border,  and  the  flat-domed  gncissoid  structure  of  the 
Pelham  batholith  has  independently  made  it  probable  that  the  pegma- 
tite formerly  extended  farther  east,  out  over  the  Pelham  granite  as 
a  cover,  exactly  as  the  quartzite  did  east  of  Mount  Toby. 

Thus,  when  the  bottom  of  the  basin  sank  on  the  great  eastern 
border  fault,  the  bluffs  were  of  quartzite  and  schist  against  the 
present  site  of  Mount  Toby,  but  farther  south,  across  Leverett,  Am- 
herst, and  Belchertown,  the  coarse  muscovite  granite  made  the  bluffs 
and  contributed  the  materials  of  the  arkose  in  those  latitudes.  In 
both  places  it  was  only  the  post-Triassic  peneplanation  that  exposed 
the  gray  Pelham  granite  beneath,  and  so  it  is  lacking  in  the  adjacent 
Triassic  beds.  '  . 

The  large  quantity  of  unweathered  material  gathered  m  the  Tn- 
assic  beds,  made  up  of  angular  blocks  of  quartzite  and  schists  of 
every  size,  and  of  granitic  debris,  coinminuted  with  a  minimum  of 
chemical  change  (weathering),  suggests  a  period  of  secular  disin- 
tegration, under  a  climate  so  cold  that  frost  was  the  principal  agent 
of  fracturing,  and  the  localities  at  Whitmores  Ferry  and  Montague 
(see  pp.  100-101)  seem  to  be  fossil  illustrations  of  the  process,  where 
the  angular  blocks  have  been  cracked,  wedged  apart,  and  moved  for- 
ward by  ice,  the  size  being  wholly  dependent  on  the  joint  system  of 
the  rocks,  so  that  the  quartzite  forms  small  blocks  and  the  granite 
very  large  ones. 

This  period  of  secular  disintegration  gave  the  great  supply  of 
material  The  great  elevation  and  rapid  erosion  can  be  deduced  from 
the  coarse,  unworn,  and  unsorted  character  of  the  material.  Across 
the  whole  State  the  eastern  border  beds  can  be  well  called  avalanche 
beds.  I  have  seen  the  great  coulees  of  coarse  granite  blocks— -stone 
rivers— creeping  down  the  steep  valleys  in  northern  Siberia,  and 
found  in  them  a  good  illustration  of  these  beds.  Mount  Toby  is  the 
delta  or  alluvial  fan  of  such  a  stream  system. 

All  distinct  proof  of  glaciers  is  completely  lacking.  The  condi- 
tions described  above  demand,  thus,  a  glacial  climate  without 
glaciers;  that  is,  a  cold  but  somewhat  arid  climate,  and  the  complete 
absence  of  feathering  favors  if  it  does  not  demand  such  a  climate' 
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The  State  of  Mnssac.hu.-  i  then  part  of  an  extended  land  area 

of  great  elevation,  of  rosion,  and  cold  and  perhaps  arid 

climate. 

The  main  faults  which  bound  the  great  complex  block  that  con- 
tains Mount  Tom  and  Mount  Toby  on  the  east  and  west  are  crush 
zones  at  the  foot  of  the  bluffs  that  border  the  valley  on  either  side. 
(See  p.  102.) 

Another  major  fault  follows  the  Connecticut  from  Northfield  to 
its  bend  at  the  mouth  of  Millers  Eiver,  and  extends  south  past  Whit- 
mores Ferry,  between  Mount  Toby  and  Sugarloaf,  and  past  the  west 
foot  of  Mount  Warner  to  be  cut  off  by  an  east-west  fault  (Mount 
Holyoke  fault)  at  the  north  foot  of  the  Holyoke  range.  These  two 
faults  divide  the  main  block  into  two  parts  of  diverse  character.  On 
the  east  is  the  long  triangular  block  having  the  south  part  of  Am- 
herst and  Hadley  for  its  base,  Mount  Toby  for  its  center,  and  its 
apex  in  Mine  Hill  at  the  mouth  of  Millers  River.  In  this  block  the 
crystalline  substratum  has  a  very  irregular  surface  and  lies  about 
300  feet  above  the  sea,  and  the  whole  thickness  of  the  Triassic  is 
1,000  feet.  This  is  the  Mount  Toby  triangle. 

On  the  west  of  the  Mount  Warner  fault  and  south  of  the  Mount 
Holyoke  fault  the  crystalline  base  is  many  hundred  feet  below  sea 
level,  below  all  erosion  or  artesian  well  borings.  The  well  at  Turners 
Falls  was  875  feet  deep;  at  Northampton,  3,700  feet;  at  South  Hadley, 
450  feet;  at  Holyoke,  685  feet;  at  Westfield,  1,110  feet  The  samples 
from  these  wells  are  in  the  Amherst  College  collection.1  This  block 
forms  the  Mount  Tom  tract 

In  the  Mount  Tom  area  regular  block  faulting  is  prominent 
Parallel  faults  run  about  N.  10°  E.  and  about  a  mile  apart,  with  up- 
throw on  the  west  of  each  block.  This  system  terminates  on  the  north 
against  the  south  base  of  the  Mount  Toby  block,  and  the  thrust 
of  the  mass  against  this  block  has  caused  the  east-west  trend  of  the 
Holyoke  Range,  its  abnormal  southerly  dip,  and  the  great  multitude 
of  irregular  faults. 

The  dips  in  the  basin  are  for  the  most  part  easterly,  but  this  is 
commonly  overstated,  as  the  block  faulting  has  been  assumed  to 
cover  the  whole  of  the  Triassic  area.  Across  Hatfield  the  dip  is 
largely  westerly.  At  Mount  Toby  the  beds  are  nearly  level,  as  also 
in  Hampden  County.  East  of  Turners  Falls  and  in  the  Holyoke 
Range  the  dip  is  southerly. 

This  brings  out  the  important  peculiarity  of  the  Mount  Toby 
Range.  Its  basal  contacts  are  local,  characterized  by  ice  shattering 
and  ice  creep  (see  p.  128),  and  its  lowest  beds  may  have  been  formed 
while  the  mass  was  still  part  of  the  elevated  and  folded  region  and, 

>  U.  S.  Oeol.  Sara?  Mob.  2ft,  p.  SSO,  18»S. 
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when  the  land  sank,  have  been  covered  with  the  eastern  avalanche 
deposits. 

I  have  described  a  curious  change  of  the  feldspar  of  the  granite 
immediately  below  this  oldest  deposit  into  agalmatolite  in  the  Am- 
herst region,  a  result  of  water  concentrating  and  stagnating  on  the 
contact  surface. 

It  is  quite  possible  that  the  Mount  Toby  area  at  first  sank  deeper 
and  has  been  reelevated  at  a  later  time,  which  may  explain  the  east- 
ward strikes  north  and  south  of  it. 

A  distinguishing  characteristic  of  these  beds  in  the  Mount  Toby 
area  is  the  lack  of  all  signs  of  assorting.  Angular  pebbles  or 
blocks  of  quartz,  feldspar,  mica,  and  soft  shale  are  carried  along 
together,  and  no  beach  or  river-bed  sorting  and  attrition  has  oc- 
curred. Intermittent  floods  from  exceptional  rains  and  snow  melting 
would  seem  to  explain  the  unsorted  and  confused  stratification. 

These  terrestrial  and  torrential  conditions  seem  capable  of  explain- 
ing the  Mount  Toby  block,  but  with  the  larger  Mount  Tom  area  the 
case  is  different 

I  have  already  shown 1  that  the  sediment  was  carried  north  along 
the  west  side  and  south  along  the  east  side  of  the  basin  and  inferred 
with  much  reserve  excessive  tidal  currents  and  conditions  like  those 
in  the  present  Bay  of  Fundy.  A  more  detailed  study  has  shown  that 
a  general  southward  current  along  the  cast  side  was  not  well  estab- 
lished bnt  that  the  eastern  shore  deposits  can  all  be  derived  from 
bordering  cliffs  east  of  the  localities  where  they  are  now  found. 

With  the  western  side  the  case  is  different.  Along  the  middle  por- 
tion of  the  western  borderlands  of  the  Triassic  basin  is  a  very  great 
development  of  granites,  abnndantly  musoovitic,  and  the  schists 
down  to  the  southern  line  of  the  State  abound  in  these  granites, 
which  plainly  extend  eastward  far  beneath  the  border  of  the  Triassic. 
Now,  all  along  this  line  the  Triassic  series  is  made  up  at  the  shore 
line  of  a  granitic  conglomerate  which,  as  it  extends  far  out  into  the 
valley  and  up  in  the  series,  grades  through  coarse  to  fine  arkose. 

In  the  northern  half  of  the  State  the  western  border  country  is 
composed  of  black  schists  and  argil!  ites,  but  the  arkose  sweeps  up 
along  this  shore  for  more  than  20  miles,  scarcely  darkened  by  any  ad* 
mixture  of  the  black  schists,  though  where  it  is  coarse  it  contains 
many  large,  well-rounded  pebbles  of  the  vein  quartz  from  the  schists. 
Here  it  is  plain  that  the  immediate  shore  wash  has  rounded  and 
sorted  the  quartz  pebbles  and  that  they  have  then  been  carried  oat- 
ward  by  the  undertow  and  forward  diagonally  by  the  sweep  of  the 
current,  but  the  mass  of  the  less-worn  granitic  material  came  from 
the  granite  much  farther  south. 


>  V.  a  OtoL  Mrrrj  Mod.  »,  p.  171,  1IH. 
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The  coarse  arkose  seems  to  have  spread  clear  across  the  basin  west 
and  south  of  the  Mount  Toby  triangle  with  great  but  unknown 
depth.  The  Northampton  well  gave  a  section  3,700  feet  deep  in  the 
middle  of  the  basin  without  reaching  bottom.  It  was  made  up 
entirely  of  coarse  arkose — an  unsorted  granitic  debris.  The  other 
well  sections  give  similar  evidence.  Near  the  top  of  the  deposit, 
beneath  the  trap  at  Mount  Tom,  tufts  of  fern  leaves  have  been 
found  embedded  as  they  grew.  A  few  imperfect  tracks  are  found 
at  the  same  leveL  - 

Great  and  intermittent  floods  may  have  swept  these  unsorted  beds 
out  over  the  bottom  of  the  basin,  and  the  sinking  may  not  have  kept 
pace  with  the  filling. 

Later  and  not  long  before  the  coining  of  the  lava  a  more  pro- 
nounced sinking  of  the  bottom  of  the  basin,  aided  perhaps  by  a  more 
humid  climate,  formed  a  permanent  water  body  across  the  basin. 
The  depth  must  have  been  considerable  and  the  sinking  must  have 
more  than  kept  pace  with  the  filling. 

All  the  conditions  under  which  the  earlier  trap  sheet  was  poured 
out  indicate  a  depth  of  more  than  300  feet  for  the  northern  region 
and  more  than  400  feet  for  the  Mount  Tom  region,  for  they  were 
clearly  submarine  flows.    (See  p.  269.) 

Several  hundred  feet  of  sand,  generally  finer  than  that  below, 
was  spread  over  the  main  trap  sheet,  and  then  came  in  the  southern 
region  the  outflow  of  the  upper  trap  sheet,  about  100  feet  thick,  fol- 
lowed immediately  by  the  great  eruption  of  coarse  tuffaceous  mate- 
rial. The  waters  seem  to  have  been  greatly  shallowed  at  this  time. 
Part  of  the  upper  lava  bed  may  have  been  subaerial,  for  blocks 
of  the  scoria ceous  lava  from  the  ejection  fell  upon  and  sank  into  it. 
Part  .  the  ejected  material  is  so  coarse,  unstratified,  and  pure  that 
it  may  have  been  subaerial  Most  of  it,  however,  was  sorted  by  the 
water  and  mixed  with  the  granitic  material  which  the  waters  were 
bringing  in  from  the  shores,  and  it  grades  upward  into  the  fine 
sandstone. 

The  conditions. favorable  to  the  formation  of  "bird  tracks''  and 
the  attendant  phenomena  followed  immediately  after  the  outflow  of 
the  first  trap,  both  in  the  Turners  Falls  and  the  southern  regions. 
The  second  outflow  of  lava  and  eruption  of  ashes  formed  only  an 
interruption  in  the  southern  region,  and  the  tracks  are  especially 
abundant  just  above  the  tnff.  The  abundant  iron  rust  introduced  by 
the  lava  may  have  caused  the  drying  surface  to  "set"  quickly,  thus 
aiding  in  the  preservation  of  the  tracks.  Indeed,  the  decomposed 
red  sandstone  is  often  used  for  surfacing  walks  because  it  compacts 
BO  readily.  'jy^iiy.^  ,V  /**--.<» 

The  evidence  as  to  the  exact  conditions  under  which  all  these  beds 
were  deposited  is  indeed  very  conflicting.   The  fine-grained  fish- 
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bearing  shales,  grading  east  and  west  into  the  "bird-track"  Long- 
meadow  sandstone,  and  that  into  the  coarser,  presumably  shoreward 
beds,  demand  a  broad  body  of  water  down  the  middle  of  the  basin. 
The  abundance  of  fish  demands  a  permanent  body  of  water  whether 
or  not  it  be  isolated  from  the  sea,  and  all  the  fossils  can  be  interpreted 
as  fresh-water  forms.  The  salt  crystals  and  excess  of  salt  in  the 
water  indicate  a  drying  salt-water  lake. 

The  "  bird-track  "  sandstones  above  the  trap  give  evidence  of  great 
shallowing  and  contracting  of  the  waters,  of  constant  exposure,  and 
intermittent  floods,  as  shown  by  the  tracks,  cracks,  ripple  and  rill 
marks,  curdled  surfaces,  the  trails  of  uprooted  trees,  and  dirt  beds 
deeply  scored  and  left  with  a  coarse  rippled  surface. 

After  a  period  of  floods  and  avalanches  in  an  arid  subglacial 
climate,  we  may  conclude  that  a  considerable  lake  appeared  in  a 
more  humid  climate,  which  was  much  shallowed  by  the  great  lava 
floods  and  intermittently  became  more  or  less  desiccated,  as  the  salt 
crystals  in  the  shales  seem  to  indicate,  but  was  renewed  by  recurrent 
floods,  thus  furnishing  the  broad  mud  flats  frequented  by  the  great 
reptiles,  and  providing  for  the  rapid  covering  of  these  flats  for  the 
preservation  of  their  tracks. 

CRETACEOUS  8Y8TEM. 

Rocks  of  this  age  occur  at  Gay  Head  and  at  the  Third  Cliff  in 
Scituate.   Woodworth  describes  the  succession  at  Gay  Head  in 

substance  as  follows: 

Lower  Cretaceoug.—'Sonm&rine  lignitic  leaf-bearing  days,  held 
to  be  Lower  Cretaceous  by  L.  F.  Ward  because  of  the  flora. 

Upper  Cretaceout—  Locally  hardened  bands  of  sands  containing 
molds  of  invertebrate  fossils  and  locally  developed  beds,  similar  to 
those  at  Indian  Hill  on  Marthas  Vineyard,  which  have  a  texture 
that  ranges  from  fine  to  coarse  and  which  contain  scattered  larger 
grains  of  quartz  and  abundant  muscovite  scales.  An  unconformity 
is  inferred  between  the  Lower  and  the  Upper  Cretaceous.* 

At  Third  Cliff  the  underlying  clay  and  the  yellow  and  white  sands 
are  probably  Upper  Cretaceous.  The  clay  and  sands  contain  a  little 
glauconite  and  sponge  spicules.  An  unconformity  separates  these 
beds  from  the  overlying  Tertiary." 

The  character  of  the  peneplain  in  southern  New  England  is 
thought  to  demand  the  former  extension  of  the  Cretaceous  north- 
ward from  Long  Island  Sound,  at  least  as  far  as  the  big  eastward 
bend  of  the  Connecticut  at  Middlstowp,  Conn.,  and  perhaps  farther. 

»  Woodworth,  3.  B..  Uneonfonnltiea  In  Uirttu  Vineyard  and  Block  Island :  Onoa.  Sec 
America  Boll.,  rot  8,  p.  197,  189T.  . 

»  Bowman,  laalah.  Northward  txtcaaton  of  Atlantic  preaiadal  depoalts :  Am.  Jon.  Beu, 
4tb  aer„  toL  it,  p.  ilk.  IMS. 
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TERTIARY  SYSTEM. 
EOCENE  SERIES, 

Lower  Eocene  fossils  have  been  found  by  Hollick 1  in  ferruginous 
concretions  in  the  glacial  drift  of  Chappaquiddick  Island,  Marthas 
Vineyard.  He  has  described  the  plants,  and  T.  C.  Brown*  has  de- 
scribed a  new  and  peculiar  molluscan  fauna  of  12  species  allied  to 
the  English  Eocene  and  differing  from  the  Eocene  faunas  farther 
south. 

MIOCENE  SERIES. 

At  Gay  Head  the  Miocene  reaches  a  thickness  of  10  feet  It  con- 
sists of  two  members,  an  osseous  conglomerate  and  fora  mini  feral  or 
greensand  beds,  with  an  unconformity  between.  The  conglomerate  is 
from  12  to  16  inches  in  thickness  and  consists  of  rounded  bowlders 
or  of  nut-sized  quartz  pebbles,  white  and  well  rounded.  Bones  of 
the  whale  and  walrus  are  present,  and  Woodworth  has  found  the 
astragalus  of  a  horse  in  this  bed.* 

The  foraminiferal  bed  ranges  from  a  feather  edge  to  10  feet  in 
thickness  and  is  green  below  and  brown  above.  The  basal,  part  in- 
cludes rolled  fragments  of  the  osseous  conglomerate  and  bears  glau- 
conite casts  of  Macoma  lyeUi  in  the  attitude  of  growth  and  the  crab 
Archeoplax  signiftra  in  the  lower  part  of  the  stratum.* 

In  Marshfield,  about  2  miles  southwest  from  the  home  of  Daniel 
Webster,  highly  glaueonitic  sands  rest  on  granite  and  appear  in  wells 
and  brook  cuttings.'   Their  Miocene  age  was  determined  by  DalL 

In  Fourth  Cliff  in  Scituate,  above  the  Cretaceous  the  following 
section  is  exposed :  * 

Section  exposed  in  Fourth  Cliff  in  Scituate. 

Coarse  black  sand  of  smoky  quart*  oud  blotfte  

Coarse  dark-red  sand  

Dark-green  sands  and  day  

PLIOCENE  BERim, 

At  the  top  of  the  Gay  Head  section  there  are  yellowish-green  and 
brownish  glaueonitic  clays  containing  Pliocene  fossils,  deter  mined 
by  Dall.  Unconformity  is  inferred  at  the  base  of  these  beds.* 

Remnants  of  the  Cretaceous  and  Tertiary  sands  are  found  at  dif- 
ferent places  in  the  till  between  Scituate  and  Gay  Head,  which  make 

•  Haffiek,  Arthur,  Row  York  Bot.  Garden  Bull.  toI.  2,  pp.  S99-400,  Met. 

•Brown.  T.  C,  Science,  new  aer„  rot  81.  p.  WO.  IBIS ;  Am.  Jour.  Set,  4tn  oar.  vet,  SB. 
pp.  299-889,  1*06. 

•  Woodworth,  3.  a.  OcoL  Soc  America  Bull.,  voL  11,  p.  439,  1900. 
•Woodworth,  3.  B,  idanv 

•Hitchcock.  Edward.  Final  report  on  the  ffeolofj  of  Maaaaehosetta,  pp.  91,  437.  ISO. 

•  Bowman.  Ieaiah,  Am.  low.  Bel,  4th  aar„  roL  2»,  pp.  SIS,  Sis,  1996. 

•  Woodworth,  3.  B,  op.  ctt»  p.  439, 
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it  probable  that  these  formations  once  extended  widely  across  eastern 

MF™m  rsLy  of  dredged  fragments  of  compact  calcareous  sand- 
stone with  foil  shells  and  lignites,  about  half  of  them  extinct 
forms,  Verrill  inferred  the  existence  of  an  "extensive  Emerged 
Tertiary  formation  extending  along  the  outer  banks  from  off  New- 
foundland nearly  to  Cape  Cod." 1 

Shaler  also  deduced  the  presence  of  Cretaceous  and  Tertiary  de- 
posits on  the  sea  floor  northward  as  far  as  Cape  Ann  from  the 
general  likeness  of  the  shoals  from  Stellwagen  Bank  to  Cape  Cod 
and  the  relations  of  the  submerged  valleys.' 

Sands  which  bear  close  resemblance  to  the  Tertiary  sands  at  Gay 
Head  appear  beneath  the  till  at  the  long  railroad  cut  on  the  north 
line  of  Northampton.  They  are  well-sorted  pink  beach  sands  with 
layers  of  well-rounded  quartz  pebbles.  The  whole  bed  is  more  or 
less  cemented  by  calcite  and  much  jointed.  In  all  these  particulars 
it  is  unlike  any  known  glacial  bed  in  the  region.  The  remnant  ex- 
posed was  14  feet  thick  and  250  feet  long.» 

QUATERNARY  SYSTEM. 
If  we  assign  to  the  Cretaceous  period  most  of  the  peneplanation 
which  produced  the  upland  surface,  and  to  the  Tertiary  the  up- 
warping  and  consequent  trenching  and  beginning  of  a  second  pene- 
planation in  the  forming  of  the  broad  lowland  valleys,  we  may  pic- 
ture the  country  at  the  approach  of  the  Pleistocene  or  glacial  epoch 
as  essentially  completed  but  with  its  surface  rocks  deeply  rotted 
and  its  shoreward  parts  covered  by  equally  soft  Tertiary  beds,  as  in 
the  southern  coast  States. 

We  find  protected  remnants  of  that  layer  of  decomposed  rock  here 
and  there,  as  at  Leeds  and  at  Blandford,  where  it  has  been  worked 
for  kaolin,  and  in  the  deep  fault  fissures  that  was  cut  by  the  Hoosac 
Tunnel 

PLEISTOCENE  EPOCH. 
WORK  OT  THE  OLA  CUBS. 

During  the  glacial  epoch  the  warm  climate  of  the  Tertiary  was 
replaced  by  a  climate  similar  to  that  of  Greenland,  and  a  mantle  of 
ice,  rising  above  the  tops  of  the  highest  mountains,  moved  southward 
across  the  State,  deeply  scouring  the  rocks  and  carrying  much  rock 

i  virrlU,  A.  E..  Tertiary  rocka  on  the  Grand  Bank  and  o»  Oeoraee  Bank :  Am.  Jour.  BeL, 
M  Mr-  rot  10,  p.  828.  lota 

•  Shaker,  W .  S,  The  (eolofj  of  the  Cape  Cod  dletrtrt :  TJ.  a  Oeol.  Surrey  Eighteenth 
Aaa.  BepU  pt  2.  pp.  6,  IS.  5Ti.  6*0.  ISM. 

e  ffcjunnn  B.  K.,  Geology  of  old  Rampehlre  County,  ktaaa. :  TJ.  ■.  OeeJ.  Surrey  Won.  |», 
.  aaa  iaaa 
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material,  coarse  and  fine,  to  make  part  of  the  backbone  of  Long  Island- 
As  the  climate  became  more  severe  the  thick  water-soaked  layer  of 
rotted  rock  which  had  come  to  form  the  surface  became  frozen, 
and  as  the  snow  accumulation  increased  and  became  the  glacial  ice, 
perhaps  a  mile  thick  over  New  England,  the  whole  ultimately  moved 
forward  and  the  softened  rock  layer  became  the  first  and  principal 
source  of  the  till.  The  peculiar  stiff  clay  or  hardpan  called  till,  full 
of  unsorted  bowlders  of  different  sizes,  many  of  them  angular, 
scratched,  and  far  traveled,  which  was  in  many  places  compressed 
almost  like  rock  by  the  great  weight  of  the  ice,  was  left  on  the  melt- 
ing of  the  ice  as  an  irregular  veneering  over  most  of  the  surface. 
If  samples  of  the  rotted  granite  and  the  adjacent  till  are  passed 
through  a  nest  of  sieves,  the  screenings  are  as  a  rule  scarcely  dis- 
tinguishable. 

The  ice  scratched  and  wore  the  deep  grooves  on  the  hardest  rocks 
like  the  Holyoke  diabase,  the  rounded  forms  of  the  mountain  tops 
show  that  there  was  considerable  erosion  of  the  solid  rocks,  and  there 
is  clear  indication  that  in  favorable  localities  soft  rocks  were  worn 
down  several  hundred  feet.  This  occurred  in  the  soft  Triassic  sand- 
stone in  the  broad  valley  bottom  from  Deerfield  southward  through 
Northampton  to  Westfield,  where  the  great  trap  walls  deflected  the 
ice  and  reinforced  its  wearing  power,  and  where,  as  the  trap  descends 
south  of  Mount  Tom,  the  sandstone  rises  in  the  valley  bottom  to 
the  west, .  rtv>.; «  .-(^rClMptelte^ 

As  the  ice  coming  from  the  northwest  met  these  high  vertical 
westward- facing  bluffs  obliquely,  its  basal  portion  was  deflected 
southward  and  wore  deeply  at  their  base  before  it  could  surmount 
them.  » .  ip  c  t;  ^'H*  ■  •/■iTT"    i *f fr rl^BllMf'r^fit f'Miipi  lifltT' 'artN.Hflpf;  Ifi^ririf TfW* 

The  ice  scratches  trend  S.  35°  E.  across  the  western  part  of  the  ' 
State,  and  are  deflected  southward  down  the  main  river  valleys. 
They  trend  southward  in  the  middle  of  the  State. 

The  ice  cut  deep  and  remarkable  fluting*  in  the  hard  Holyoke 
diabase,  and  Edward  Hitchcock  noted  that  all  the  deep  notches  in 
the  range  are  independent  of  the  curve  of  the  range  and  trend 
in  the  same  direction  as  the  ice  scratches.  Examination  shows  that 
the  larger  notches  get  their  direction  from  the  faults.  The  direc- 
tion of  the  ice  movement  is  equally  well  shows  by  the  drum] ins — 
those  great  hogbacks  or  whalebacks  which  were  formed  by  the  ac- 
nimulation  of  till  beneath  the  ice,  like  ban  beneath  the  water  of  a 
stream.  They  are  almost  absent  over  all  the  Berkshire  uplands,  bat 
appear  in  great  numbers  in  the  Connecticut  Valley,  especially  as 
marked  obstructions  across  the  northern  half  of  the  valley,  in  Bern- 
ardirton  and  Northfield,  north  of  the  rise  of  the  land  in  Gilt  la  a 
ximilar  way  the  drumlina  are  also  abundant  in  the  Amherst  region 
north  of  the  transverse  Holyoke  Range,  '  1  1 
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They  are  again  markedly  rare  or  ' 
of  the  Worcester  County  Plateau.  nc    i  ! 

miles  wide  that  extends  from  north  to  south  across  the  State,  parting 
on  Wachusett,  and  they  especially  abound  in  and  west  of  Worcester. 
A  third  distinct  zone  passes  through  Groton  and  Marlboro.  Drum- 
lins  are  especially  abundant  along  the  coast,  as  in  the  northeastern 
part  of  the  State  and  in  and  around  Boston  and  Boston  Harbor. 
An  interesting  example  of  the  influence  of  these  drift  hills  on  the 
configuration  of  the  present  shore  line  has  been  brought  out  in  a 
study  made  by  Johnson  and  Reed  on  the  suggestion  of  Prof.  W.  M. 
Davis,  of  the  way  in  which  Nantasket  Beach  may  have  been  formed 
by  the  cutting  back  and  tying  together  of  several  drumlins.1 

The  drumlins  of  Franklin,  Hampshire,  and  Hampden  counties 
have  been  mapped  in  Monograph  29,  those  of  the  Worcester  region 
in  "  The  geology  of  Worcester,"  and  those  of  the  whole  State  by  Mr. 
George  H.  Barton,  whose  unpublished  maps  have  been  used  in  the 
summary  given  above. 

The  direction  of  the  movement  of  the  ice  is  also  shown  by  the 
bowlder  trains  that  can  be  followed  from  many  ledges  of  rock.  As 
early  as  1844  Hitchcock,*  and  in  1855  Lyell,*  described  the  Richmond 
bowlder  trains  across  Berkshire  County.  They  were  last  described 
by  Benton,*  with  full  citation  of  literature,  and  by  Taylor,1  who  also 
describes  an  older  train  of  weathered  bowlders  which  extends  20 
miles  south  from  the  same  source  to  Great  Barrington. 

The  distribution  of  the  many  bowlders  of  Cambrian  quartsite 
across  the  eastern  Berkshire  Hills  and  the  Connecticut  Valley  is  inter- 
esting, though  not  the  result  of  the  movement  of  the  ice  in  m  single 
direction  as  are  the  true  bowlder  trains.  They  have  been  carried  by 
the  ice  southeast  over  the  crest  of  the  Hoosac  Range  and  down  the 
three  great  valleys,  the  Deerfield,  West  fie.  ,  and  Farmington,  and 
then  taken  southward  by  the  southward-moving  ice  of  the  Connecti- 
cut Basin.  They  are  well  known  as  "  hard  heads  "  over  all  the  region. 

An  interesting  train  of  bowlders  of  a  drusy  yellow  jasper  extends 
southeast  and  south  from  Conway  across  Amherst  and  Granby. 

The  whole  western  side  of  Mount  Toby  is  a  series  of  great  steps, 
whose  vertical  walls  are  10  to  100  feet  high,  alternating  with  slightly 
sloping  flats,  the  whole  formed  by  the  impact  and  plucking  action 
of  the  ice  against  the  mountain,  aided  by  regular  jointing  of  the 
coarse  conglomerates  and  the  presence  of  finer  and  softer  layers 
alternating  with  other  coarser  and  harder  layers.    Blocks  of  the 

•  Johnson,  D.  W..  and  Beed,  W.  O.,  Jr.,  The  form  of  Nantasket  Beach :  Jour.  Geology, 
toL  18,  p.  162,  mo. 

•  Hitchcock,  Edward,  Am.  Joar.  RcL.  lit  Mr„  Tot  47,  p.  82,  1844. 

•Lyell,  Charles,  Hoy.  Inst  Proc.,  toI.  2,  p.  80,  188ft. 
'Beaton,  K.  B.,  Harvard  Coll.  Woa  Comp.  ZooL  Bulk,  vol. 
•Taylor,  F.  B.,  Ueol.  Soc  America  Bull.,  vol.  31.  p.  141.  I»U 
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peculiar  slate  conglomerate  of  the  mountain  form  a  well-marked 
train  for  miles  south.1  The  steep  west  face  of  Deerfield  Mountain, 
Mount  Holyoke,  and  Mount  Tom  is  due  to  a  similar  ice  plucking. 

Shaler*  has  described  the  fine  train  of  the  black  heavy  cumber- 
landite  bowlders  from  Iron  Mine  Hill  across  Rhode  Island  and 
Marthas  Vineyard,  and  Fuller  •  has  published  notes  on  a  Carbonifer- 
ous bowlder  train  in  eastern  Massachusetts,  which  extends  from 
Great  Pond  in  Braintree  to  Great  Pond  in  South  Weymouth. 

I  have  made  the  distinction  between  the  thick  valley  till,  generally 
very  clayey,  thick,  and  very  compact,  commonly  molded  into  drum- 
lins or  drumlinoid  forms,  and  the  upland  till,  coarser  and  of  looser 
texture.  The  first  was  subglacial  in  origin,  the  other  transported 
on  and  in  the  ice,  and  where  subglacial  was  a  concentration  product, 
washed  free  from  much  of  its  finer  material  by  water  running  be- 
neath the  ice  or  freed  from  mnch  of  its  fine  material  by  surface 
wash  before  the  coming  of  the  ice. 

RECESSION  OF  THE  ICR. 

The  great  ice  invasion  of  New  England  is  correlated  with  the 
Wisconsin  stage  of  the  west.  It  obliterated  all  traces  of  earlier 
stages  of  glaciation  in  Massachusetts,  but  traces  of  these  earlier 
stages  have  been  found  on  Nantucket  and  Long  Island.4  The  ice  is 
thought  to  have  extended  southward  across  New  England  (especially 
during  the  time  of  its  recession)  in  great  lobes,  one  occupying  the 
Hudson  Valley  in  its  broadest  extent  with  a  small  subordinate  lobe 
down  the  Housa tonic  Valley  and  a  marked  reentrant  in  the  eastern 
Berkshire  Highlands.  The  next  lobe  extended  down  the  Connecticut 
Valley,  and  at  one  period  a  broad  reentrant  bent  northward  across 
the  plateau  of  Worcester  County  and  a  lobe  extended  southward 
across  the  low  ground  to  the  east  and  down  the  valley  of  the  Merri- 
mack, continuing  south  at  the  great  northeastward  bend  of  that 
stream. 

Farther  east,  a  lobe  in  Massachusetts  Bay  seems  to  have  moved 
south  into  Cape  Cod  Bay,  having  the  Plymouth" in terlobate  moraine 
as  a  median  between  it  and  the  last-mentioned  lobe. 

BBcnsnRAi.  iroRAnnM. 

Wood  worth  4  has  given  a  summary  of  our  knowledge  concerning 
the  well-marked  terminal  moraines,  which  continue  eastward  from 
Long  Island,  the  one  making  the  north  shore  of  Marthas  Vineyard 
and  Nantucket,  the  other  forming  the  south  shore  of  Rhode  Island 

1  Emerson,  B.  K,  T»n  etroca  ami  rock -cat  terrace*  a*  Meat  Toby :  Oeol.  Soc  America 
BulL,  vol.  22,  p.  081,  1911. 

•  Shaler,  N.  8,  Harvard  Can.  Mna.  Csansv  ZooL  Bull,  rat  la,  a,  185,  IBS*. 

*  Fuller,  H.  U,  Boston  Soc  Hat.  Hart.  Free,  vol  28,  p.  291,  18*8, 

4 WoodwortJa,  I.  B_  Soma  amdal  waafc  plains  of  soatkera  New  England:  Been  Ban, 
Bull,  tuL  29,  p.  71,  IBM. 
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•       W.teh  Hill  to  Point  Judith  and  continuing  in  the  Elizabeth 

from  Watch  mil  «>  1  t  ,  ,  R„77ards  Bay  in  the  great 

Islands  and  north  along  the  east  shore  ol ^™  that  $,letl 

Falmouth  moraine.    The  terminnl  moraine  of  th« ^ »be 
C:,Pe  Cod  Bay  (the  northern  arm  of  Cape  Cod  .  as  not  then  ^ 
now  skirts  the  south  shore  of  ^^^^^  back 

5Si  W  these  moraines  on  the  sou* ;  fornnng 

molne  a^Ther  ou^h  plain  ^J^^^^Z 

^next  halting  place  starts  in  the  well-marked  Queens 
Ri"r  moraine  on  the  high  land  of  Rhode  Island  °* 
feZ  and  continues  interruptedly  past  Providence  and  northed  o 
joTthe  Plymouth  interlobate  moraine  near  Colenians  Heights  in 

^rflLtern  Massachusetts  is  crossed  by  several  recessional  mo- 
JZ  belts,  which  mark  temporary  slight  readvances  of  the  ice  and 
£  Tdepo^ion  of  more  outwash  material.  The*  belts  are  charac- 
terizX  kamc  moraines,  outwash  plains,  and  ice-block  holes  many 
of  them  occupied  by  ponds),  and  they  ™V^J^?***Z 
belts  in  which  the  glacial  deposits  consist  almost  wholly  of  ground 
moraineand  bowlders,  or  of  silts  deposited  in  the  beds  of  glaci. 

lakes.  Se^*^™^™^^'*^*^T^** 
are.  from  north  to  south.  The  glacial  deports  of  this  part ofthe 
State  have  not  been  systematically  mapped,  and  the  several  reces- 
sional moraines  have  not  yet  been  correlated  with  those  u»  central 
Massachusetts.  . 

These  halting  places  of  the  ice  are  in  many  localities  poorly  or 
not  at  all  marked,  and  farther  west,  across  the  more  rugged  parts  or 
Massachusetts,  it  has  been  usually  said  that  recessional  frontal  mo- 
raines are  wanting.  .   .  _. 

Many  years  ago  I  determined  in  the  three  Connecticut  River 
counties  several  halting  place?  of  the  ice  by  the  location  of  ice  dams 
of  alacial  lakes  and  the  ice  deposits  at  the  head  of  outwash  plains. 
Later  the  subject  has  been  taken  up  by  the  United  States  Geological 
Survey  at  my  request,  employing  the  more  detailed  methods  de- 
veloped in  the  study  of  the  frontal  moraines  in  the  less  ragged 
central  western  country.  By  making  in  the  vaUeya  a  comparative 
btudy  of  aU  the  phenomena  connected  with  the  successive  positions 
of  the  ice  front,  a  large  number  of  places  have  been  discovered  whera 
the  margin  of  the  ice  remained  stationary  for  some  time.  As  the  inter- 
vening uplands  are  almost  everywhere  devoid  of  frontal  deposiu. 
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lines  looping  upstream  have  been  drawn  connecting  these  halting 
places,  allowing  the  ice  front  a  marginal  southward  slope  of  100 
to  300  feet  to  the  mile  and  in  accordance  with  the  general  theory 
developed  above  as  to  the  shape  of  the  great  valley  lobes  and  the 
reentrants  on  the  high  ground  between.  From  such  hpothetic  cor- 
relation there  results  a  system  of  lines  representing  successive  posi- 
tions of  the  receding  ice  front  which  are  believed  to  be  approximately 
isochronal.  Mr.  W.  C.  Alden  has  studied  the  Worcester  County 
plateau  in  this  way,  and  his  mapping  shows  a  series  of  12  such  ice- 
front  lines  extending  across  the  plateau.  These  are  sinuous  lines  run- 
ning in  a  general  easterly  direction  except  that  the  northern  lines 
wind  southeastward  in  the  latitude  of  Wachusett  and  on  the  west 
turn  sharply  southwest  as  they  pass  a  line  connecting  Warren  and 
i'etersham.  This  is  where  they  reach  the  western  slope  of  the  plateau 
nnd  are  influenced  by  the  deep  Greenwich  and  Connecticut  valleys, 
down  which  long  lobes  extended  southward. 

In  the  same  way  the  Berkshire  plateau  and  Housa tonic  Valley 
have  been  studied  by  Taylor.1 

West  of  a  line  running  through  Charlemont  and  Cummington 
Taylor  draws  16  extremely  sinuous  ice-front  lines,  running  northeast 
and  southwest  and  lobing  down  somewhat  in  the  Honsatonic  Valley. 
These  lines  are  in  large  part  recognizable  only  by  an  expert,  espe- 
cially in  the  uplands. 

GLACIAL  LAKES. 

Many  broad  sand  areas,  some  of  them  underlain  by  laminated  clays, 
mark  the  sites  of  lakes,  many  of  them  of  large  sue,  which  were  fed 
by  the  glacial  waters  and  wholly  or  partly  dammed  back  by  the  ice, 
In  his  description  of  the  glacial  wash  plains  of  southern  New  Eng- 
land Woodworth'  does  not  distinguish  glacial  lakes,  and  yet  many 
of  his  broad  flat-fronted  terraces  seem  to- have  been  deposited  in 
v».  r  bodies  of  some  permanence,  especially  those  accompanying  the 
»me  of  ponds  extending  northeast  from  the  eastern  corner  of  Rhode 
b  nd    The  first  and  oldest  of  the  weu-determined  water  bodies 
?  ke  Bouve,  which,  according  to  Grabs  a  »  covered  an  area  south 
'  B  too  Harbor  and  extended  across  Braintree  and  Weymouth 
fft  1' Ingham.  It  was  12  miles  long  and  about  140  feet  above  sea 
cl.s    According  to  Clapp*  this  was  followed  by  Charles  and 
lakes  at  940  feet,  tributary,  respectively,  to  Taunton  and 
Wone  nyera,  and  which  at  200  feet  were  confluent  and  dis- 
•*rgan  into  Taunton  River.   Clapp  states  that  later,  as  Charles- 

,'  »  ,JT  T-      3mvr  teelotj.  Tt»l.  11.  p.  S25,  100*  •*  -•  *•  w 

|W>  J.  B,  ^  ctt.  ;    ?    , '  ■•  •    J  Jtj^^miS- 

wi!^  I»Iin,I?0r'  *  nl»s*»«.  9.  T4.  ]«m  ;  Qn\mm.  A.  W„  Bo^o.  Boc  nu 
Papara  IT,  pt.  a.  p.  664,  mkm>  ^  000  •  J»«L  turn. 

'«"»»i>v  9.  a,  T«cv.  cjMft,  roL  14,  p.  iti,  looi.         /'  ■  u'  mm 
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Neponset  Lake,  at  160  feet,  it  discharged  into  Lake  Borne"  and  that  it 
extended  eastward  across  Wellesley  and  Needham  into  Newton  and 
West  Roxbury  and  northward  into  Billerica.  Crosby1  states  that 
north  of  Lake  Bouve"  was  Lake  Shawmut,  which  extended  northward 
across  Boston  Harbor  and  westward  to  Milton.  He  holds  that  an  ice 
lobe  continued  to  advance  southward  in  the  basin  of  Boston  and 
Massachusetts  bays  while  the  ice  margin  farther  west  was  being 
melted  back  for  some  distance.  Thus  the  drainage  eastward  was 
impounded  and  the  bottom  of  Lake  Shawmut  was  covered  with  thick 
laminated  blue  clays.  Northwest  of  Lake  Shawmut,  according  to 
Goldthwait,1  was  Lake  Sudbury,  which,  at  different  stages,  stood  at 
altitudes  of  195  to  160  feet  above  sea  level.  It  extended  from  South 
Framington  to  Weston  and  from  Concord  to  Wellesley. 

West  of  Lake  Sudbury  and  a  little  earlier  was  the  glacial  lake 
Assabet,*,  outlined  by  the  broad  glacial  sand  plains  of  Westboro, 
Southboro,  and  Northboro,  with  lobes  running  north  to  Marlboro  and 
Bolton,  which  drained  east  past  Cordaville  and  Fay  ville  and  has  been 
partly  restored  by  the  great  reservoir  No.  5  of  the  Metropolitan 
Waterworks. 

Then  came  the  great  Lake  Nashua  of  Crosby,4  which  extended 
broadly  over  the  drainage  area  of  Nashua  River  from  Boylston,  past 
Clinton  and  Ayer  Junction  to  East  Pepperell,  with  a  great  arm 
running  northwest  to  Fitchburg. 

This  lake  drained  to  the  south  first  by  a  course  west  of  Oakdale 
and  then  successively  by  lower  openings  farther  east  The  p re- 
glacial  watercourse  had  extended  south  through  Worcester  but  had 
become  much  clogged  by  the  till,  and  so  the  ancient  valleys  were 
only  partly  used.  A  main  outlet  was  due  south,  by  way  of  the 
valley  in  the  middle  of  which  Lake  Quinsigamond  now  lies.  The 
readjusted  drainage  in  the  region  south  of  Worcester  has  been  de- 
scribed by  Perry 

For  80  miles  west  of  a  line  running  through  Worcester,  across  the 
highest  part  of  the  plateau,  where  the  glacial  recession  lines  as  drawn 
by  Alden  run  east  and  west,  I  class  all  the  valley  deposits  as  morainic 
deposits  or  outwash  plains,  because  the  ice  retreated  up  the  valleys 
end  sent  its  deposits  down  the  valleys  to  the  lake  basin  just  described. 
As  the  land  begins  to  sink  westward  we  come  into  a  region  of  west- 
ward drainage. 

West  of  this  axial  region  I  mapped  many  years  ago  the  bedded 
drift  of  the  western  edge  of  the  plateau  and  the  broad  Connecticut 

•  Croaby,  W.  O.,  Tach.  Quart.,  vd.  16,  p.  S2,  UX>». 

•  Ooldthwajt,  J.  W.,  Harvard  Cot  I.  Mas.  Comp.  ZooL  Ball.,  toJ.  42.  p.  36S,  1906. 

•  AMn,  W.  C,  t<.  a  Ocol.  Surra?  unpublUbad  report. 

«  Croaby,  W.  O..  Teen.  Quart,  vol.  16  P.  2«0.  1616  t  Htm,  to!.  IT,  p.  ST,  1*04. 

•  Parry,  J.  H..  1%»  physical  ■aograpfcr  of  Worcaater,  Uaaa.,  Woreaatar  Nat.  Htat  Soe, 
ISM. 
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Valley  depression,  defining  many  glacial  lakes  and  drainage  lines 
connecting  these  lakes,1 

Only  two  large  drainage  systems  head  far  back  on  the  plateau — 
that  of  Millers  River  in  the  north  and  the  Chicopee  system,  which 
takes  in  the  southern  two-thirds  of  the  plateau. 

As  the  ice  front  receded  northwestward  it  first  set  free  the  head- 
waters of  the  many  tributaries  of  these  systems,  forming  small  lakes 
with  eastward  and  southeastward  drainage,  and  then  developed  suc- 
cessively lower  and  larger  and  more  western  lakes  until  the  marginal 
recession  of  the  great  Connecticut  Valley  lobe  set  free  the  trunk 
streams  and  admitted  the  waters  into  the  open  valley. 

The  Chicopee  system  was  exceedingly  complicated.*  The  ground 
was  first  abandoned  at  the  southeast  by  the  melting  glacier  in  Brim- 
field  and  Monson,  and  small  high-level  lakes  were  formed,  draining 
southeast  into  the  Willimantic  Then  sneeessively  more  northern 
branches  were  set  free  and  lakes  were  formed  about  the  centers  of 
Brimfield,  Warren,  West  Brookfield,  and  Dana. 

following  this  movement  die  great  Orange-Greenwich  Valley  was 
x  t  v-*«d  belt  of  sand  plans  was  developed.   This  area 

.3  and  is  4  anles  wide  for  14  miles  south, 
-  ft.  It  is  i  null— id  18  miles  farther  south 
to  Enfield,  w  ka  >ws  greatly  and  joins  the  main  drainage  of 

Quabaug  and  Swift  rivers  6  miles  farther  south  at  Thorndyke. 
From  this  place  the  stream  which  nn  wiul  this  valley  was  drained 
by  Chicopee  River  into  the  newty  bora  Springfield  Lake, 

The  history  of  Millers  Brar  was  vary  Afferent  As  it  had  only 
short  tributaries  on  the  south  and  it  and  Si  branches  ran  in  deep, 
narrow  valleys,  its  evacuation  was  aenaaaanied  by  the  formation 
of  only  one  great  lake  around  its  headwaters  in  Winchendon,  north 
of  Denison  Lake. 

Partly  contemporaneous  with  these  changes  in  drainage,  the  Con- 
necticut Valley  lobe  during  the  alow  receaiaa  of  its  margin  formed  a 
dam  for  a  time  across  the  month  of  each  snail  stream  coming  down 
the  steep  scarp  of  the  platean  and  found  glacial  lakes  in  the  stream 
courses  and  the  hanging  valleys  of  Hannana,  WUbraham,  Belcher- 
town,  Pelham,  Shutesbury,  and  LewereflL  The  sand  of  the  Pelham 
lakes  was  especially  deep  and  finely  garni  and,  being  derived  from 
the  Pelham  granite,  the  quartz  sand  grains  are  dean  and  sharp. 
This  sand  has  sold  for  $5  a  load  in  Finnan  far  brass  canting. 

THlt  CONXU.1H.IT  TAULET  BAKES. 

As  the  basin  of  the  Connecticut  hnnm  free  of  ice  a  body  of  water 
was  formed  so  broad  and  deep  Oat  laniinnhd  days  were  deposited  in 

1 0.  a  OaoL  torn  Baa.  at,  pa.  SOI  Ma,  1666, 
•  IdaM,  pp.  D6S  «t  m* 
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it  mo  feet  deep  so  long  lived  that  it  has  cut  deep  notches  and  devel- 

b  oader  w.ter  bodies.  These  narrows  divide  the  lake  into  he 
L 1  Montague  Lake:  the  long  Hadley  Lake,  north  and  west  o ;  the 
Ho  oke  Range,  extending  from  Greenfield  south  past  Northampton 
"to  Connectifut;  and  south  of  the  same  range  tire  bpnngfield  Lake 
oo  miles  broad/reaching  far  south  to  the  middle  of  Connect  cut 
The  ice  front  till  retreated  northwest  across  the  Berkshire  Hills, 
with  gre aUobes  extending  down  the  valleys  and  out  into  these  lakes, 
where V  calved  icebergs,  thrust  the  clays  up  ,n  extreme  confusion, 
and  maintained  an  Arctic  climate  during  all  the  life  of  the  lake^ 

Th"  lakes  are  bordered  by  a  bench,  which  is  well  marked  where 
cuts  into  sand  beds  or  drumlins  and  broadens  in  great  delta  flats  at 
L  mouth  of  tributary  valleys.  Its  gravels  grade  through  -ndj 
into  the  laminated  clays  of  the  lake  bottom.  » 
double  Its  lower  half  is  composed  of  very  fine  sand,  which  grades 
up  into  a  much  finer  blue  clay,  and  the  change  is  abrupt  from  the  top 
o  this  layer  of  blue  clay  to  the  bottom  of  the  next  sandy  layer  In 
places  a  firm  of  coarser  sand,  an  incipient  npple  marking,  a  mica 
scale,  or  fossil  leaves  appear  at  the  top  of  the  layer  of  clay. 

The  sandy  layer  represents  the  flood  waters  of  the  opening  spring 
and  grades  into  the  fat  clay  that  settled  from  the  stagnant  water 
beneath  the  ice  of  the  following  winter.  Each  layer  thus  represents  a 
years  growth.  As  the  clays  are  about  180  feet  deep  and  each  layer 
about  one-third  of  an  inch  thick,  the  lake  may  have  remained  about 

6,000  years.  ,  '  „. 

The  bench  stands  about  400  feet  above  the  present  sea  level  at 
the  north  line  of  the  State  and  200  feet  above  it  at  the  south _hne. 
As  there  was  almost  no  southward  current  in  these  lakes  the  beach 
must  have  been  nearly  horizontal,  and  the  basin  in  the  northern  part 
of  the  State  must  subsequently  have  been  elevated  nearly  200  teet 
more  than  on  the  south  line.  I"l/L  Jl 

Fairchild  has  recently  examined  the  Hudson  and  Connecticut 
valleys  and  maintains  that  the  waters  in  both  valleys  were  at  sea 
level  almost  to  their  heads  during  the  lake  period;  the  Hudson  was 
an  open  estuary,  the  Connecticut  more  narrowed  seaward,  and  so 
formed  a  aerie*,  of  lakes  as  described  above. 

Points  on  a  given  latitude  in  the  Connecticut  Valley  he  tin  da  to 
have  been  raised  about  20  feet  more  than  in  the  same  latitude  in  the 
Hudson  Valley.*  .  ' 

As  the  ice  melted  in  the  valleys  on  the  west  ode  of  the  Connecticut 
the  lower  reaches  of  the  rivers  were  set  free  first,  and  few  and  small 

.FalirtDd.  H.  L.,  PleUtocM-  -arte.  a»b«*rf«»c«  of  tb.  Oawtttcot  «H  Hod™  t«1- 
ui.  .  OmL  Sac  iwrta  Bui:..       2S.  pp.  M-t*X  i»"- 
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glacial  lakes  were  formed  until  the  divide  was  passed  and  the  west- 
ward drainage  into  the  Housntonic  was  reached. 

West,  of  the  Hoosac  Range  axis  of  the  Berkshircs  glacial  lakes 
of  two  types  appear;  first,  where  the  valley  ice  clogged  the  entrances 
of  deep  transverse  valleys,  as  in  Dalton  and  Hinsdale  and  at  the 
entrance  of  the  East  Lee  and  Tyringham  valleys,  and  second,  in  the 
dec])  valley  region  in  the  west,  where  Dale1  has  described  the  glacial 
Lake  Bascom,  which  filled  all  the  valley  above  Williamstown  and 
North  Adams  and  extended  far  north  and  20  miles  south  in  the 
Hoosic  River  valley. 

A  broad  lake  known  ns  Lake  Housntonic  occupied  the  region  south 
of  this  area,  about  Pittsfield,  and  extended  into  Dalton.  Taylor* 
has  traced  the  boundary  of  this  lake,  which  was  a  great  H-shaped 
body  of  water  that  extended  southward  from  Lenoxdale  past  Lee 
and  up  the  Tyringham  Valley,  the  middle  strait  running  westward 
to  Glendale.  whence  it  widened  northward  to  Stockbridge  Bowl  and 
southward  to  Great  Barrington. 

fossils. 

A  short  list  of  shells  from  glarial  beds  a  few  mis  west  of  the 
Pavilion  Hotel  in  Gloucester  has  been  reported  by  Shaler*  Many 
of  the  drumlins  of  Boston  Harbor  and  the  region  to  the  south  contain 
an  abundance  of  fragmentary  shells,  which  were  comminuted  by  the 
motion  of  the  ice  by  which  they  were  taken  up  from  the  bottom  of  the 
sea.  Crosby  and  Ballard  have  given  the  history  of  previous  observa- 
tions and  a  list  of  the  shells  found  in  the  drumlins  of  the  Boston 
Basin  with  the  exact  occurrence  of  each  species.* 

The  fossiliferous  beds  at  Sankaty  Head,  first  reported  by  Desqr 
and  Cabot  in  1849,  have  been  described  with  full  illustration  and 
citation  of  literature  by  Wilson.*  Fossiliferous  sands  8  feet  thick 
arc  overlain  by  white  sand  10  feet  thick  and  the  whole  is  covered  by 
Wisconsin  silt  50  feet  thick. 

The  lowest  beds  indicate  a  sheltered  shallow  inlet  containing  a 
southern  fauna.  Their  deposition  was  followed  by  subsidence,  which 
was  probably  connected  with  the  oncoming  of  the  great  ice  sheet,  and 
deeper-water  northern  and  even  Arctic  species  replaced  the  southern 
fauna.  . 

In  the  following  table  the  fossils  from  Gloucester  are  taken  from 
Shaler's  list;  those  from  Boston  Basin  from  the  list  given  by  Crosby 
and  Ballard;  and  those  from  Sankaty  Head  from  Wilson's  list 

'  Dal,.  T.  If_  Tha  geological  hlmory  or  Mount  Oreylock :  Brrtahlre  HUt  u4  ScL  Roc 
l«P*ra,  p.  235.  Fit  afield,  lPOtt. 
•Taylor.  ».  B,  Jour.  Oeologr.  rol.  11,  p.  ata,  laoj,  <  «wa>V  : 

•  Bb.l-r.  1*.  a,  Beaton  Sot  Nat  Hlat.  Proe,  roL  11,  p.  27,  1»<M 

•  wutll:  Tm"  ;Dd  0>  Am-  Jow  Brl-  M  •*«•-      «Vp,  i«e,  last. 

WUaoo,  J.  a.  Jour  0mIo«7,  »ol.  II,  p.  TU.  1MB,  V  '  ** 
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Pleistocene  fossil*  from  .  •  til 


Poriiera; 

Cliona  sulpburea  Desor  

Ccelenterata: 

Astra  ngla  danm  Agassis  

Echinodermata: 

Strong}- tocentrotus  drobachlensis  MQIler  

Annelida: 

Serpula  dianthus  Verrfll  

BiJUMK 

Uippotboa  variabilis  Leldy  

Membranipora  tenuis  Desor  

Membra  oi  porn  catenularia  Smett  

Eschara  verrucosa  Esper  

Celleponiria  tncrassata  Smith  

Pelecvpodm: 

Area  pexata  Bay  

Area  ponderosa  Say  

Area  transversa  Bay  

Argina  pexata  Bay.......  

Gculdia  mactraoca  LInsley  

Uemma  gemma  Totten  

Venus  mercenarla  Llnne  

Venus  mercenarla  var.  antiqua  Verrfll  

Ostrea  virginiana  Lister  

Anomia  aculeate  Omettn  

Anomia  simplex  D'Orbigny  

Anomia  glabra  Verrfll  

Myaarenarla  Linn*  

Mya  truncata  Llnne  

Mactra  solldlsslma  OiemniU  

Berri  pes  laperoniil  Desha  yea.  

Pecten  magellanlcus  Conrad  

Pecten  islandicua  M Oiler  

Ensis  dlrectus  Conrad  

Corbula  con  tracts  Bay  

Ledasp  

MytilusednJlsLinn*  

Mytflusexuatus  Linn*  

Mod  tola  pi  icatula  Lamarck  

Uodiola  modiolus  Llnne  

Modlola  hamatus  Verrtll.  

Uodiola  dberepane  Say  

Crenella  glandula  Tottan.  

afoUnia  lateralis  Bay-  

Macoma  lujca  Bay  

M  sco  ma  fusca  var.  fragflto  Bay  

VtAnm«  lncongrua  von  Mariana  

•  Cummingla  t  ell  tnotdea  Conrad  

Yold  at  aapoUUa  Ooold  

Petrioola  pholedjformh  L'nn*  

PholaitrnnoeUBay  

ZtruEScrispata  Llnne  

SUloua  squama  BlatovtQe  

.•  "~-  i~—  Oonld  

r*IiOj>«a  arr*  k-a  iL*me«ak ',  GonW  { -  S«xl 

Baokavearotsca  Lhusi   

Bavfcava  distr.  LaSay  ....   

l*ar*OjcJragoui(iJ**'.i  l*aJl    

PaadavajoraaaManaOBarad.  

Am JWs-^i:-.  ■•<x>}-' 
AatarU  oadata  Ooold . 
Aatarto  oastanea  Bay . . 

Aitarteerebrioostata  For  bee.  

Ceronia  daaarata  Tnrton  

Ceronia  arctata  Adams  . .  

Vsnericardia  (Cyoiooerdia)  boreal  to  Conrad. 





VenerioarttonovanidJasMoraa... 

Cardlum  liiland'T"  Llnne?  

Cyprtoa  tolanrllca  Una*  

Tapes  fluctuose  OooldT  

CaJlhta  convex*  Bay..  

Thracla  truncata  Mlghali  and  Adams. 
3eetropoda: 

Odoatomlalmpraaaa  Say  

Odostomla  trlftda  Ooold  

Turbo  nilla  I  n  Urrapta  Totten.  

nyanaaaaobaoleUBay  

nnoaaaa  trtvittata  Say  

Uroeelptnx  ctoarea  (Bay)  


Bit  Hum  neerum  Totten. 
Cingula  ( RUeoej 
CtatuU  latter  Mlahato  a 
Saab  greenlaadloa  Parry 


tcr. 


oasra.  Hoad 


X 
X 


........ 




X 

X 

X 
X 
X 
X 

x. 

X 
X 
X 
X 
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Gastropoda— Continued. 

Kuuleura  caudate  Say  

Cerlthiopsls  greenil  Adams  

Cerlthtopsisteretwalls  Adams  

Bkenea  nlanorbls  Forbes  and  Harder  

Margarita  (Solaricella)  obscura  Couthouy. 

Margarita  undulata  Sowerby  

Fasctolarla  llgata  Mlghels  and  Adams  

Trltonofusus  stlmpsoni  Mdrch  

Fusus  tonatus  GoaM  

Chrysodomus  stone!  PDsbry  

Cbrysodomus  decemoosta&B  Say  

Duccinura  undatum  Linn*  

Buechmm  cyaneura  Brnruiere  

Slpho  UlandicusT  Llnne  

Slpbo  stlmpsoni  M&refc  

Slpbo  spil  ihergrnsis  Sam  

Neptunea  ventrlcosa  Gray.  

Neptunea  pygmjea  Ooold  

Tronhon  sealarilornuaT  GouM  

Utriculus  eanaliciuatm  Bay  

Lacuna  nerltotdea  Ooold  

Lunelle  bero*  Say  

Lnnatla  trteerlata  Say  

Lunatla  groecdandica  M  Oiler  


Neverltt duplicate  Bay., 
a  palliaU  Ooold. 


Llttorinaj 

Asm  is  lunate  Dafl.. 

Anacbls  a  vara  Bar  

Purpura  lapHrat  Linn*  

C  tecum  poichellam  Stimpsoo. . 

Dtodora  ooacMna  Gray  

Cruclbuhun  striatum  Bay. 
Crepfcluto  torn  lesta  Laa 
Crepld  nla  eonvexa  Say . 
CrepMula  plana  Say.... 
Crustacea: 

Belasp  

nalanua  crecatua  1 
Balanua  ebur&eaa  ( 


Balaam  poreatn*  Da  Casta. 
■  bafaooidaaE 


Balaam 

Cancer  errerstui  Bk 
Eupagarus  poBfcari 
Enpanopeos  nerbsti 

Panopeussp  

Neopanope  Uxaaa  aayl 
CallWuaaepidoa  Rathtnm. 


Glouces- 
ter. 


Boston 
Basin. 


Bankaty 
Head. 


X 
X 
X 
X 


Serripet  laperoiuii  and  Macoma  incongrua  belong  to  the  Arctic 
fauna  of  the  Pacific  coast  and  Pandora  crassidens  to  the  Miocene  of 
Maryland. 

1  have  found  many  fossils  in  the  Pleistocene  clays  in  the  bank  of 
Connecticut  River  a  mile  below  Hadley,  west  of  the  Boston  A 
Maine  Railroad  station  in  Amherst,  and  near  the  Amherst  fair- 
ground. The  originals  are  in  the  geologic  cabinet  of  Amherst  Col- 
lege.  They  are  described  elsewhere.* 

The  following  species  of  plants  have  been  found :  Viola  palustrb, 
Vaceinium  oxycoecug,  Y.  ulifftncmtm,  Rhododendron  lapponioum, 
Aretottaphylm  alpina,  A.  won  uni,  Oxyria  digyna,  8 alios  cu&eri, 
Lyoopodium  tdago. 

The  burrows  of  dipterous  larra  and  the  fusiform  larva  ease  of  an 
insect  nearly  an  inch  long  have  been  obtained. 


•  Kmeraon  B.  st,  V.  R.  GeoL  Purvey  He*.  18,  p.  718,  lata. 

80244*— Bull  597 — IT  W 
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The  pharyngeal  bone  of  a  dacelike  fish  resembling  Leuciscus  or 
Rhodus  has  been  found. 

RECENT  EPOCH. 
FORMATION  OF  TERRACES. 

On  the  elevation  of  the  land  and  the  consequent  recession  of  the 
lacustrine  or  estuarine  waters,  the  streams  began  to  cut  into  the 
Pleistocene  deposits,  producing  steep  scarps  and  broad  alluvial  ter- 
races and  meadows  These  terraces  are  especially  characteristic  of 
the  three  principal  streams — the  Housatonic,  the  Connecticut,  and 
the  Merrimack— which  occupy  broad,  partly  drift-filled  valleys,  but 
occur  also  along  many  of  the  smaller  streams,  like  the  Nashua,  the 
Charles,  and  the  Blackstone,  which  cut  through  the  broad  glacial 
lake  beds  in  the  eastern  eastward-sloping  half  of  the  State. 

These  terraces  were  of  the  greatest  importance  in  the  first  settle- 
ment and  the  later  development  of  the  Connecticut  Valley.  Not  only 
were  the  waterways  the  first  lines  of  exploration,  travel,  and  trans- 
portation, but  the  broad  unforested  meadows  along  them  were  sought 
out  by  the  first  settlers,  as  in  Springfield,  Hadley,  and  Deerfield. 

In  cutting  down  into  the  lake  beds  the  streams  here  and  there 
reached  ledges  at  which  they  formed  waterfalls,  and  when  the  indus- 
try of  the  State  changed  from  agriculture  to  manufacturing  these 
waterfalls,  because  of  the  water  power  they  furnished,  became  the 
sites  of  large  towns,  such  as  Lowell,  Lawrence,  Holyoke,  and  Turners 
Falls.  Springfield  and  Pittsfield,  though  without  water  power,  were 
favored  because  they  stood  opposite  the  only  pass  by  which  a  rail- 
road could  cross  the  Berkshire  Hills. 

The  terraces  are  covered  with  buff  sand  that  is  delicately  cross 
bedded  and  ripple  marked.  These  deposits  are  formed  in  the  beds 
of  the  streams  and  rise  as  long  bars  to  low-water  level,  and  Gen. 
Ellis1  discovered  that  at  high  water  a  large  part  or  the  whole  of 
this  system  of  bars  is  scoured  out  and  that,  on  the  recension  of  the 
flood,  they  are  redeposited  in  their  old  places  and  with  their  old 
dimensions.  Where  these  bars  rise  above  low  water  they  become 
fixed  by  vegetation  and  grow  to  flood  level  by  flood  deposits,  which 
form  a  layer  of  loam,  in  many  places  8  feet  thick,  over  the  surface 
of  the  completed,  meadows.  This  loam  show*  no  bedding,  as  each 
years  deposit  is  the  thin  layer  of  mud  left  by  the  spring  flood  and 
is  Mended  with  preceding  layers  by  wind  and  frost  It  forms  one 
of  the  most  fertile  soils  in  Massachusetts,  ! .  «&•**•-.-••  v  .-i 

Some  of  the  meadows  are  made  op  of  a  confluent  series  of  islands, 
formed  one  beside  another  aa  time  goes  on,  and  their  surface  is  gently 
undulating  and  grooved  here  and  there  by  abandoned  flood  channels. 

'■*t  C„  9m m  of  C»M(«ctt  BItot.  iStk  Cocj ,  g*  »«w,  X*.  Doc.  101,  1571. 
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REPULSION  OF  TRIBUTARIES. 

In  some  of  the  broad,  terraced  valleys  there  is  a  striking  differ- 
ence between  the  courses  of  the  streams  across  old  lake  bottoms  and 
their  courses  across  the  terrace  flats  to  join  the  main  streams.  They 
follow  the  natural  slope  across  the  old  lake  bottoms,  but  where  they 
strike  the  terrace  flats  they  turn  and  run,  most  of  them  for  long  dis- 
tances, almost  parallel  to  the  main  streams  and  then  again  turn  sud- 
denly at  right  angles  and  join  the  main  streams.  Their  deflection  is 
due  to  the  formation  of  islands  in  the  main  streams  across  the  mouths 
of  the  tributaries,  which  are  thus  lengthened  downstream  and  occupy 
the  grooves  between  the  islands  and  the  former  banks  As  other 
islands  are  formed  in  similar  positions  farther  downstream  the 
tributaries  are  forced  to  flow  still  farther  down  the  valleys,  in  chan- 
nels parallel  to  that  of  the  main  river,  before  they  can  join  it. 

The  water  seems  to  have  fallen  rapidly  from  the  glacial  lake  level 
to  the  present  stream  level,  as  is  well  shown  in  the  Hadley  Lake, 
described  above  (p.  142),  which  was  originally  very  broad  and  deep 
and  was  only  in  small  part  filled  with  sediment  It  is  bordered  by 
fine  deltas,  the  frontal  scarps  of  which  are  quite  intact  and  are  not 
marked  by  benches  that  would  register  halts,  however  brief,  in  the 
recession  of  the  water. 

OXBOWS. 

The  Connecticut,  swinging  broadly  in  fine  and  homogeneous  sedi- 
ments across  the  Hadley  Lake,  has  been  so  nicely  balanced  that  it 
has  obeyed  Ferrels  law  that  moving  bodies  in  the  Northern  Hem- 
isphere tend  to  be  deflected  to  the  right  by  the  rotation  of  the  earth. 
It  has  thrown  out  to  the  right  and  cut  off  seven  great  oxbows  and 
has  formed  two  great  bends  in  the  same  direction.  In  the  same  way 
Fort  River,  flowing  over  the  same  plain,  has  formed  five  times  as 
many  oxbows  on  the  right  side  as  on  the  left 

DUNES. 

Where  the  prevailing  west  wind  strikes  the  scarp  that  forms  the 
eastern  border  of  the  meadows,  the  sand  has  been  carried  eastward 
in  a  marked  line  of  dunes,  which  stretches  from  the  Northampton 
road,  in  Hadley,  northward  to  Sunderland,  and  a  similar  line  extends 
northward  across  the  west  part  of  Hatfield. 

•"^(J**"  **  J-iKfrr*  i  Y*t\-\  1    jjogguf;  f  **       *tP  so  fi  ^rtSfjM^J^t-. 

Except  the  vertebrate  fossils,  the  specimens  here  listed  are  in  the 
geologic  cabinet  of  Amherst  College.  I  obtained  the  plants  and 
beetles  from  an  old  oxbow  of  Fort  River  which  is  being  worn  sway 
hy  the  Connecticut  a  mile  south  of  Hadley.  It  flowed  at  a  level  IS 
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feet  higher  than  that  of  the  present  Connecticut,  and  this  represents 
certainly  more  than  half  the  distance  through  which  the  Connecticut 
has  lowered  its  bed  in  the  bottom  of  Hadley  Lake  since  it  shrunk  to 
its  present  size.  This  would  assign  to  the  fossils  found  here  an  age 
intermediate  between  those  of  the  Pleistocene  clays  de.scribed  above 
and  the  present  time,  or  somewhat  nearer  to  that  of  the  present  flora 
than  to  that  of  the  older.  The  habit  of  the  fossils  themselves  agrees 
with  this  and  indicates  a  climate  like  that  of  northern  Vermont  or 
Canada.  It  is  interesting  that  a  fragment  of  charcoal  from  some 
light,  open-grained  wood  was  found  in  the  midst  of  the  matted  leaves 
of  the  leaf  bed  and  was  certainly  of  the  same  age.1 

huh 

Ranunculus  aquntllls  Llnne. 

Acer  8accharlnum  Wangenhelm. 

Prunus  vlrglniana  Llnne.    Seeds  and  leaves. 

Platanus  occidental^  Llnne. 

Matted  masses  several  inches  thick  and  many  feet  broad  consist 
almost  entirely  of  leaves  of  Platanus  occidental**,  many  of  the  largest 
size.  Large  branches,  many  of  them  very  much  flattened  and  still 
covered  with  the  characteristic  bark,  occur  abundantly. 

The  nutlets  or  "  button  balls  "  are  commonly  preserved  in  a  curious 
way.  Delicate  hollow  globes  of  sand,  like  globes  of  lace  or  Chinese 
hollow  ivory  balls,  have  been  formed  by  the  penetration  of  the  fine 
sand  to  the  surface  of  the  central  ball  and  spreading  in  the  regular 
interstices  which  surround  each  point  of  attachment  of  a  seed,  where 
the  grains  have  been  slightly  agglutinated  and  left  as  a  globe  of  lace 
on  the  rotting  of  the  seed  ball. 

Juglans  dncrea  Llnne.    Dwarf  nuts,  less  deeply  sculptured  than  the  form 

now  common  here, 
Carya  anara  NnttalL 
Onerous  alba  Llnne. 

Quercus  cocdnea  Wangenheim,  var.  amblgua. 
Fagus  ferruglnea  Alton. 
Betula  alba  Llnne. 

Besides  these,  many  other  indeterminate  plants  were  studied — 
willow  leaves,  grapevines,  grasses,  Liliaoeae,  Lyoopodium,  lichens, 
seeds,  and  even  a  flower. 

noLLuaaa. 

In  a  marlpit  on  the  till  at  the  farm  of  Fred.  Conant  at  East  Shel- 
bume  the  following  shells  were  found :  Limnea  elodr-s  Say,  Planorbit 
trivolvis  Say,  Planorbit  parvtit  Say,  and  Pisidhtm  variabUe  Prime. 


•  Emerson,  B.  K.,  Geology  of  old  Hampshire  Count?,  Mao*. :  V.  a  OeoL  tarre*  Moo.  3ft, 
p.  73«,  ISM, 


QUATERNARY  SYSTEM. 


149 


BEETLE  8. 

These  forms  were  determined  and  figured  by  Samuel  H.  Scudder.1 
They  are  the  first  insects  found  in  such  deposits  in  New  England. 
They  consist  wholly  of  Coleoptera,  and  represent  5  species  and  4 
families.  At  least  three  of  the  insects,  perhaps  all,  belong  to  species 
not  now  known  to  exist,  but  all  belong  to  existing  genera. 
Carablds : 

C.vmlndls  extorpescens  Scudder. 
Dytlsclde : 

Dystlcus  sp. 
Elaterlds: 

Corymbltes  lethlops  (Herhst)T 
Chrysomelldie : 

Donncia  elongatula  Scudder. 
.    Soxinls  regularU  Scudder. 

VEJRTEBHATEB. 

Nine  teeth,  with  numerous  parts  of  the  skull  and  parts  of  the 
tusks,  of  Mastodon  giganteus  were  found  in  1884  on  the  farm  of 
William  U.  Maynard,  in  Northboro,  near  the  Shrewsbury  line,  and 
were  determined  by  J.  A.  Allen,  of  the  Museum  of  Comparative 
Zoology  at  Cambridge,  as  belonging  to  an  animal  about  two-thirds 
grown.  A  perfect  unworn  tooth  is  figured.*  The  specimens  are  pre- 
served in  a  separate  case  in  the  Museum  of  the  Worcester  Society  of 
Natural  History. 

A  single  tooth  of  Mastodon  giganteus  was  dug  from  a  muck  bed 
on  the  farm  of  Elias  Bardwell,  in  Colerain.* 

» U.  a  Geol.  Surrey  Mom.  29,  pp.  740-746,  pi.  23.  1808. 

*  Ric*-  F.  P,  An  account  of  the  discovery  of  a  mngtadon'i  remains  In  Northboro.  8  pp_ 
Worcester,  Mass, 
»  Hitchcock,  Edward,  Asa.  Jew.  3d  ser,  toL  S,  p.  148,  1871. 
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ARCHEAN  IGNEOUS  ROCKS.l: 
BERKSHIRE  COUNTY. 
GENERAL  CHARACTER. 

In  1899 1  I  gave  a  description  of  these  rocks  on  the  hypothesis  that 
they  were  all  sedimentary  because  of  the  apparent  transition  of  the 
Becket  granite  gneiss  into  the  Cambrian  conglomerate.  My  present 
opinion  is  that  the  Becket,  "  Tyringham,"  and  Lee  gneisses  of  the 
former  paper  are  different  facies  of  one  eruptive  mass  of  pre-Cam- 
brian  age,  and  that  the  Hinsdale  gneiss,  the  Coles  Brook  limestone, 
and  the  Washington  gneiss  are  parts  of  a  very  homogeneous  series 
of  pre-Cambrian  sedimentary  rocks,  much  cut  and  soaked  by  granite. 
The-pre-Cambrian  arj&Jiegijaa_|n  the  northera_p_arLflf-tha  State  at 
theJHoosac  Tunnel,  mcreasesjouDaw^^ 

agd  occupies  pearly^^"^^11^  thp  Sandisfield 
Quadrangles.  It  is  crossed  by  the  Boston  &  Albany  Railroad  from 
Dalton  station  to  Bancroft  station  in  Middlefield.  On  the  west  it  is 
unconformably  covered  by  the  less  metamorphosed  Dalton  formation 
(Cambrian)  and  on  the  east  by  the  Hoosac  (Ordovician)  schist 
The  map  shows  a  continuous  area  of  eruptive  or  orthogneisses 
(Becket  granite  gneiss  and  Lee  quartz  dioriie),  in  which  are  set 
irregular  areas  of  the  sedimentary  rocks  (quartettes,  limestone,  and 
paragneisses) ,  which  in  the  Becket  quadrangle  occupy  most  of  the 
surface  and  in  the  Sandisfield  quadrangle  less  than  half. 

The  granite  magma  appears  to  have  invaded  the  closely  folded 
sedimentary  rocks,  in  places  with  considerable  local  absorption  of 
material  and  with  the  more  general  development  of  a  mafic  border 
of  differentiation,  which  in  places  is  thick  but  is  not  everywhere 
present  In  part  the  banding  is  an  original  structure  of  the  granite. 
Through  deep-seated  otogenic  compression  the  granite  has  become 
gneissoid  and  the  carbonaceous  sandstones  have  been  metamorphosed 
into  graphitic  quartzites,  the  slates  into  graphitic  ferruginous  para- 
gneisses, and  the  limestones  into  coarse  marble  containing  more  or 
less  phlogopite,  actinolite,  pyroxene,  chondrodite,  scapolite,  pla- 
gioclase,  and  graphite.  An  extensive  transfer  of  silica  has.  effected 
the  silicification  of  the  limestone  and  soaked  the  quartzites  and  para- 
gneisses full  of  banded  secondary  quartz  of  deep  lavender  color  from 
strain.  In  some  places  beds  of  serpentine  or  talc  derived  from 
pyroxena  or  chondrodite  represent  the  limestone. 

>  U.  S.  0#ot  larrrr  Ball.  1M,  ISM. 
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Cavities  have  been  produced  by  the  slow  successive  removal  - 
minute  portions  -of  the  limestones  by  heated  solutions,  and  by  the 
introduction  of  granitic  minerals  in  an  equal  degree  remarkable 
limestone  substitutes  have  been  produced.  All  these  changes  are  pre- 
Cambrian,  for  their  results  are  represented  in  pebbles  in  the  Cam- 
brian conglomerates.  It  is  remarkable  that  the  Cambrian  quartzites 
::long  the  western  border  of  the  Archean  area  clear  across  the  State 
:ire  filled  with  original  minute  brown  tourmalines  and  small  tour- 
maline-bearing  pegmatite  lenses,  whereas  in  the  schists  of  similar  age 
n  long  the  eastern  border  tourmaline  is  wanting,  and  the  schist  in- 
stead abounds  with  large  garnets  or  small  albites:  The  source  of 
the  boron  in  these  tourmalines  is  not  known,  for  there  are  no  erup- 
tives  of  Cambrian  or  later  ages  in  the  region,  and  the  later  rocks  are 
free  from  tourmaline.  Considerable  masses  of  granite  may  be  pres- 
ent not  far  below  the  quartzites  and  may  be  the  source  of  the  solu- 
tions which  brought  the  boracic  acid  compound  into  the  quartette. 

STAMFORD.  GRAN  IT*  GXEIB8. 

The  northernmost  outcrops  of  the  pre-Cambrian  igneous  rocks 
within  the  limits  of  the  State  are  the  type'  areas  of  Stamford  granite 
gneiss  of  Oak  Hill,  north  of  North  Adams,  and  that  stretching  along 
the  crest  of  the  Hoosac  Range  south  of  the  tunnel.  These  outcrops 
have  been  described  in  detail  by  Pumpelly  and  Wolff 1  as  consisting 
at  both  localities  of  a  u  coarse-banded  granitoid  gneiss,  composed  of 
long  lenticular  crystals  of  pinkish  feldspar,  flattened  lenses  of  blue 
quarts,  and  thin,  irregular,  greenish  layers  of  mica  (biotite  or  mus- 
tovite,  or  both)  mixed  with  small  epidote  crystals,"  It  forms  the 
core  of  Hoosac  Mountain  proper  as  a  mass  of  monotonous  uniformity, 
occupying  the  surface  of  the  mountain  for  several  miles.  It  dis- 
appears below  the  overlying  rock  but  is  exposed  in  the  Hoosac  Tunnel 
for  nearly  8,000  feet  '  .** 

The  formation  is  named  for  its  exposures  nt  Stamford,  Vt 

Cketmiemt  composition  of  BUmford  granite  ffncUt  {,ttnoamo*r)  from  Hoo—c 
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GEOLOGY  OF  MASSACHUSETTS  AND  BHODE  ISLAND. 
TITAN ITE-DIOPSIDE  DIOBITE  APLITE. 

On  page  19  the  course  allanite  pegmatites  and  titanite  pegmatites 
are  described  and  their  apparent  replacement  of  a  part  of  the  lime- 
stone beds  adjacent  to  which  they  lie  is  maintained.  Their  excep- 
tional content  of  calcium  silicates  points  to  a  fixation  in  them  of 
part  of  the  base  of  the  dissolved  limestone,  the  rare  elements  being 
the  contribution  of  the  deep-seated  waters, 

This  pegmatite  and  the  adjacent  limestone  are  inclosed  together 
in  a  broad  baud  of  the  Lee  quartz  diorite,  the  border  differentiate  of 
the  Becket  granite  gneiss,  and  the  whole  mass  lies  far  out  m  the 
middle  of  a  great  area  of  the  Becket  granite  gneiss. 

In  a  similar  manner  other  long,  narrow  beds  of  limestone  that  lie 
in  the  granite  gneiss  and  are  bordered  on  either  side  by  the  black  con- 
tact rocks  are  continuous  with  long,  narrow  bands  (of  the  same 
width  and  bordered  by  the  same  black  contact  beds)  of  the  prob- 
lematic rock  here  described,  which  covers  so  large  an  area  that  it  is 
shown  on  the  map.  It  may  be  studied  in  the  hills  north  and  south 
of  Benton  Pond,  a  mile  east  of  Washington  station.  A  beautiful 
eclogite-like  variety  occurs  east  of  C.  Conwell's  place  in  South  Pern, 

Mass.  . 

The  rock  is  light  colored,  even,  fine  grained,  and  is  either  massive 
or  thick  layered-  In  its  thin  platy  form  it  resembles  a  granulite 
from  Saxony,  and  it  has  been  mistaken  for  a  garnetiferous  quartzite. 
The  small  flat  grains  of  brown  titanite  are  evenly  scattered  through 
it  like  garnets,  and  the  bright  green  diopside  and  actinolite  are  m 
many  places  so  abundant  that  the  rock  has  the  aspect  of  a  fine- 
grained eclogite.  Under  the  microscope  the  quartz-mkrocline  micro- 
graphic  groundmasB  is  characteristic,  and  the  large  increment  of 
sodic  plagioclase  combined  with  the  other  calcium  silicates  suggests 
the  introduction  of  calcite,  as  does  the  constant  presence  of  grains 
of  calcite  itself.  Its  analysis  is  quoted  on  page  168  for  comparison 
with  the  Becket  granite  gneiss.  .     •  -4 

A  great  number  of  vertical  limestone  beds  rest  in  the  broad  granite 
mass,  each  bounded  on  either  side  by  a  thick  sheet  of  the  contact 
diorite. 

While  the  mafic  differentiate  of  the  granite,  with  its  high  content 
of  sodium,  calcium,  and  iron  and  its  low  content  of  potassium,  was 
gathering  against  the  foreign  bed  of  limestone  a  replacement  of  just 
this  composition  (see  analysis,  p.  168)  might  be  formed,  a  Uttk  of  the 
calcium  remaining  behind  as  calcite  or  joining  with  the  iron  and 
fixing  some  of  the  titanium  oxide  as  titanite  and  some  of  the  silica  as 
diopride^HMr»»  '*'<M*Tffi,1lWE*  fcffijBgwB^ff^ffi  frr 

All  the  mineral!  here  enumerated  have  been  formed  abundantly 
elsewhere  in  the  region  at  the  contact  of  limestone  and  granite.  The 


ABCHEAN  IGNEOUS  BOCKS. 


153 


only  peculiarities  noted  here  are  the  great  extent  and  the  even  grain 
of  the  deposit.  I  have  described  the  formation  against  limestone  in 
the  granite  of  Worcester  (p.  227)  of  just  such  an  even-grained  bed  of 
the  same  composition. 

We  may,  of  course,  assume  that  a  peculiar  magma  of  unknown 
origin  has  exactly  replaced  long,  narrow  masses  of  the  limestone 
beds  and  appears  nowhere  else  in  the  region. 

Chemical  composition  of  the  Becket  granite  gneiss  and  of  the  titanite-dioptide 

diorite  aplite. 
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1.  Becket  granite  rutin  from  the  Alderman  qnarry  In  Becket. 


neon*  BteJger,  analyst. 

ieof  tta 


Because 

calcite. 


The 


2.  Becket  granite  gneiss  from  the  Hadaon  A  Cheater  quarry  in  Becket  Analyst,  Prof. 
U  at  Denote  (N.  T.  Acad.  get.  Tran*.,  toL  11.  p.  130,  18»2).  Medium-grained  blotite- 
mnacovtt*  gneiss. 

3.  Tl tanlte-dlopei de  diorite  aplite  (beerhaebose)  from  east  of  C  Conwell's  place.  Soatk 
Pern.  W.  T.  SehaUer,  analyst.  It  Is  a  white  rock,  with  scattering  grains  of  brown 
titanite  and  green  dtopakU. 

LEX  QUARTZ  DIORITE. 

On  the  contact  of  the  Becket  granite  gneiss  with  the  sedimentary 
rocks  a  black  fine-grained  heavy  hornblende,  homblende-biotite,  or 
biotite-quarts  diorite  in  many  places  intervenes.  The  feldspar  is  an 
albite-oligoclase  in  clearly  twinned  grains.  Clusters  of  epidote  grains 
accompany  the  biotito.  Titanite-magnetite  surrounded  by  a  broad 
ltmopxene  halo  is  invariably  present  and  is  commonly  very  abundant 
end  characteristic 

This  quarts  diorite,  to  which  the  name  Lee  quarts  diorite  has  been 
given,  from  its  exposure  in  East  Lee,  is  believed  to  be  a  contact 
zone  of  the  Becket  granite  gneiss  and  to  have  originated  by  differen- 
tiation in  place.  It  is  not  constant,  a*  locally  the  fine-grained  Becket, 


154  GEOLOGY  OF  MASSACHUSETTS  AND  BHODE  ISLAND. 


the  concretionary  gneiss,  or  the  stretched  gneiss  are  found  adjacent 
to  the  sedimentary  rocks. 

Where  the  white  gneiss  is  adjacent  to  the  graphitic  rocks  dikes  of 
black  hornblende  gneiss  appear  in  some  places  in  the  graphitic  rocks. 
Here  the  differentiation  has  probably  been  effected  and  part  of  the 
mafic  magma  injected  into  the  country  rock  and  there  solidified. 
Motion  then  removed  the  mafic  magma  before  it  had  congealed 
against  the  adjacent  wall. 

Although  this  mafic  border  is  common  against  the  quartzite  and 
gneiss,  it  is  manv  times  thicker  and  more  constant  against  the  lime- 
stone, and  it  is  probable  that  the  granitic  magma  has  here  absorbed 
into  its  mass  much  of  the  limestone. 

Masses  of  this  black  hornblende  gneiss  or  amphibolite,1  many  of 
them  of  considerable  size,  appear  in  places  in  the  white  gneiss.  1 
have  never  seen  a  trace  of  diabasic  texture  in  them,  and  I  am  inclined 
to  interpret  them  as  portions  of  this  mafic  differentiation  border 
which  have  been  stoped  from  their  place  of  formation,  at  the  upper 
surface  of  the  liquid  mass,  and  sunk  in  the  still  mobile  magma. 
Their  rounded  and  irregular  shapes  and  their  blending  at  the  border 
with  the  gneiss  would  agree  with  this  origin.  Such  masses  have  been 
recently  called  cognate  xenoliths. 

This  may  explain  the  curious  relations  of  the  two  rocks  in  the  largv, 
quarries  on  Ball  Mountain  in  Norfolk  and  in  Becket,  where  large 
inclosures,  or  xenoliths,  of  the  black  gneiss  on  one  side  blend  schlier- 
enwise  with  the  white  gneiss,  and  along  the  other  and  lower  side 
is  a  narrow  space  which  is  filled  with  a  coarse  pegmatite.  The 
newly  solidified  hornblende  rock  on  sinking  into  the  granite  blended 
with  the  granite  on  one  side  and  on  the  other  magmatic  gases 
escaping  and  rising  were  intercepted  by  the  rock  and  caused  the 
development  of  muscovite  and  the  coarse  grain,  thus  producing 
the  pegmatite.  The  mass  in  the  Becket  quarry  is  figured  in  a  pre- 
vious paper.*  .» 

In  other  places,  as  around  Becket  station,  the  border  gneiss  is 
a  white-banded  microgranite,  which  uniformly  contains  a  little 
graphite.  In  this  locality  there  has  been  a  considerable  solution 
of  the  adjacent  graphitic  gneiav  :  vi  J  l>ni%t%-4^  jrMtf.  J£pj 

, a.  (  HZCKJCT  ORA SITE  OMKJSS. 

The  slightly  gneisfxrid  rock  of  the  Becket,  Mass.,  and  Norfolk, 
Conn~,  quarries  may  be  taken  as  the  type  of  this  formation.  It  is  a 
medium  to  fine  grained  light-colored  biotite  (or  biotite-mueoovite) 
nucrodioie-oligoclase  gneiss,  with  microscopic  epidote  uniformly 

1 1  ba»«  ami  taa  Urn  aaobitmUta  (or  iraaom  banded  bornbtaoda  rocks  and  borablaed* 
arhlat  tor  »~;  i  m«a  Xmtj  recta,' '  ' 
•V.  8.  OaoL  Sanaa-  ML  »■»»■.»•»  IM%  ,jfkffimt tt$t>W  1*    -«T*f»f  rt« 
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blended  with  the  scanty  biotite,  and  the  microcline  grains  commonly 
grouped  as  if  made  of  the  crushed  fragments  of  larger  porphyritic 
crystals.  There  are  small  areas  of  a  light-colored  small  porphyritic 
granite  from  which  the  prevalent  rock  could  have  been  produced  by 
crushing.  A  micrographic  texture  is  common.  Over  large  areas  the 
dark  constituent  is  in  whole  or  part  magnetite  in  small  octahedra. 

As  the  gneiss  of  the  Dalton  formation  is  commonly  highly  mica- 
ceous and  magnetitic  its  separation  from  the  Becket  granite  gneiss  is 
in  places  difficult.  Generally  the  Becket  contains  biotite,  epidote,  and 
microcline;  the  Dalton  muscovite  and  tourmaline. 

At  its  contact  with  the  graphitic  rocks  the  rock  is  commonly 
graphitic,  and  against  the  limestone  it  contains  in  many  places  sec- 
ondary calcite  grains  and  tremolite  or  actinolite. 

A  widely  distributed  facies  of  the  Becket  granite  gneiss  was  for- 
merly called  the  "  Tyringham  "  gneiss.  It  is  a  coarse  biotite  gneiss, 
which  in  its  least  altered  form  has  a  pseudoconglomeratic  texture  and 
is  easily  believed  to  be  sedimentary.  Some  of  the  apparent  pebbles 
are  rounded  Carlsbad  twins  of  microcline.  In  places  the  texture  is 
imperfectly  spherulitic  By  pressure  the  pebble-like  forms  are  lo- 
cally stretched  into  long  flattened  pencils  of  quartz  and  feldspar 
which  are  surrounded  by  films  of  biotite  scales,  and  by  further  crush- 
ing it  becomes  indistinguishable  from  the  normal  Becket, 

The  analysis  of  the  Becket  granite  gneiss  is  gi\  en  on  page  153  for 
comparison  with  the  apJife.  • 

DUN  IT*. 

A  boss  of  pore  olivine  rock,  d unite,  1,000  by  2,000  feet  in  extent, 
is  exposed  on  the  mountain  in  the  eastern  part  of  Cheshire  in  the 
midst  of  the  Becket  granite  gneiss.  The  rock  is  hard,  compact, 
medium  grained,  and  light  to  very  dark  green.  It  consists  of 
granular  olivine  with  a  little  picotite  and  niccolite,  somewhat 
changed  to  serpentine,  ores,  and  carbonates.1 

EASTERN  AKCHEAJT  ABJLA. 

NOKTHBXnXTB  GRANITE  GJTXEBsL 

The  Northbridge  granite  gneiss  occupies  a  broad  area  with  a  core 

of  coarse,  slightly  gneissoid,  porphyritic  microcline-biotite  granite 
and  a  broad  border  of  completely  mashed,  stretched,  and  penciled, 
highly  muscoTitic  gneiss.  It  is  considered  Archean  because  the  Al- 
gonkjan  (f)  quartzite  overlaps  it  normally  and  the  Mil  ford  granite 
cuta  both  rocks.  The  gneiss  is  a  monotonous  rock  of  coarser  grain 
than  the  Mil  ford  granite  and  the  aplitic  and  horneblende  varieties  of 


>  MartU,  a  C.  Dulti  la  wactara  alaaaac buattta :  Am. 
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that  rock  are  absent  It  is  named  for  its  occurrence  at  Northbridge.1 
It  extends  southward  into  Rhode  Island  as  far  as  Pascoag.  The  Mil- 
ford  granite  is  separated  from  it  by  the  hornblendic  border  rock 
characteristic  of  that  granite,  which  forms  a  fine  quarry  rock  at 
Graniteville,  east  of  Pascoag.  The  boundary  is  dr.awn  westward 
from  that  place  so  as  to  exclude  granites  containing  hornblendic  and 
aplitic  phases,  which  are  assigned  to  the  Milford. 

The  granite  around  Slocumville  in  southern  Rhode  Island  is  of  the 
Northbridge  type,  and  there  may  be  an  area  of  the  older  rock  in 
that  region,  but  the  granite  in  contact  with  the  Carboniferous  is 
mapped  as  post-Carboniferous  in  accord  with  the  results  of  the 
studies  of  Loughlin.* 

DIORITE. 

Diorite  of  pre-Cambrian  age  appears  as  pebbles  in  the  green 
schists  and  as  beds  and  dikes  adjacent  thereto,  in  Rhode  Island,  in 
the  hill  north  of  the  Smithfield  limestone  quarry  and  farther  south, 
and  on  Copper  Mine  HilL  In  Cumberland  it  ranges  from  very 
coarse  hornblendic  to  gabbro-like  rocks  in  which  no  trace  of  pyroxene 
can  be  found,  either  in  the  pebbles  or  in  the  beds.* 
ORDOVICIAN  ROCKS. 

PERIDOTITR  AND  SERPENTINE  LENSES  ASSOCIATED  WITH  THE 
CHESTER  AKPHXSOLITE. 

The  great  serpentine  lenses  adjoining  the  Chester  amphibolite 
show  sparingly  the  olivine  structure  in  thin  section  and  may  have 
been  peridotites  or  norites. 

They  may  have  been  intruded  after  the  first  folding  along  a  line 
of  faulting  at  the  east  edge  of  the  hornblende  schist,  for  that  rock 
wraps  around  the  serpentine  stock  in  Blandford  or  is  extensively 
crumpled  up  against  it  in  Chester,  though  elsewhere  it  is  flatly  lam- 
inated- The  contact  laminae  of  the  eruptive  rock  conform  to  all 
the  wrinklings  of  the  thin  fissile  schist  as  if  this  structure  had  been 
produced  in  the  schist  before  the  intrusion  of  the  peridotite. 

In  the  center  of  the  great  lens  of  serpentine,  where  the  road  and 
railroad  adjoin  on  the  north  line  of  Chester,  is  an  interesting  lo- 
cality. Large  crystals  of  olivine  are  here  changed  into  a  yellow 
serpentine,  which  was  called  hampshirite  by  Emmons.* 

The  previous  history  of  hampshirite  is  given  in  the  mineral  lexi  • 
con  of  Franklin,  Hampshire,  and  Hampden  counties.4  Palache  has 
shown  that  these  Urge,  perfectly  terminated  crystals  have  been 

>  Emerson,  B,  K,  ud  Perry.  7.  H.,  Tk»  rrmm  achUta  and  *»»ocl»Ud  granite*  and 
porphyrin  of  Bboda  lalaad :  TJ.  &  OeoL  Barray  Boll.  811,  p.  »,  10OT. 

•  LougUln,  O.  r„  An.  Jonr.  8d.,  4th  »*t_  roL  S9,  p.  4«T,  1B1Q. 

•  TJ.  (.OmL  Surrey  BulL  811,  p.  ««,  Iter. 

•  TJ.  S.  OooL  Boirty  Ball.  lie,  p.  °L  188*. 
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EMERY  DEPOSITS  ASSOCIATED  WITH  THE  CHESTER  AMPHIBO- 
LITE. 

.  Character  and  occurrence. — Because  of  the  small  scale  of  the 
map  the  emery  deposits  must  be  represented  by  a  continuous  line 
along  the  east  border  of  the  hornblende  schist.  They  form  a  series  of 
small,  disconnected,  and  irregular  lenses  which  average  about  4  feet 
in  thickness,  the  maximum  being  16  feet  and  the  minimum  a  feather 
edge.  The  largest  lenses  measure  200  by ,300  feet  in  height  and 
length.  These  deposits  lie  at  the  eastern  or  former  upper  surface  of 
the  hornblende  schist  between  it  and  the  serpentine  to  the  east.  They 
are  essentially  magnetite  beds,  in  some  places  mixed  with  scattered 
grains,  some  rather  large,  of  deep-bronzy  corundum,  mingled  with 
the  very  basic  corundophilite  (SiO„  24;  A1203,  25.9;  FeO,  14.8; 
MgO,  22.7;  H,0, 11.9). 

Though  the  magnetite,  emery,  and  corundophilite  form  the  first 
generation  of  minerals  of  the  deposits,  the  corundophilite  continued 
to  be  formed  or  re-formed  in  the  abundant  fissures  produced  by  the 
continued  movements  of  the  mass,  cementing  the  breccias  and  form- 
ing thick  cross  veins  with  a  fine-grained  chloritic  groundmass,  in 
places  closely  resembling  an  aphanitic  hornblende  rock,  and  in  this 
form  abundantly  associated  with  tourmaline  (invariably  in  regular 
six-sided  prisms)  and  with  epidote  and  pyrite.  During  this  stage  the 
corundophilite  formed  a  fringe  a  foot  thick  along  the  borders  of  the 
lenses,  which  is  in  some  localities  replaced  by  a  layer  a  foot  thick  of 
granular  oligoclase.  In  a  third  and  more  quiet  stage  the  corundophi- 
lite formed  incrusting  layers  on  the  free  surface  of  fissures,  made  ap 
commonly  of  congeries  of  broad,  vertical  plates  terminated  above  in 
well-defined  faces  and  associated  with  oligoclase,  rutile,  brookite, 
menaocanite,  calcite,  diaspore,  margarite,  and  epidote. .  This  stage  is 
closely  parallel  to  the  customary  secondary  fissure  deposits  of  the 
associated  rocks,  especially  the  hornblende  schists,  which  consist  as  a 
rule  of  prochlorite,  menaccanite,  rutile,  calcite,  and  epidote,  and  is 
peculiar  only  in  the  substitution  of  corundophilite  for  the  ordinary 
chlorite  and  in  the  presence  of  the  satellites  of  emery,  diaspore,  and 

margarite.  -iSraJfV 

The  fourth  and  final  stage  in  the  development  of  the  vein  minerals 
seems  to  be  quite  distinct  from  and  later  than  the  preceding  and  to 
indicate  the  presence  of  steam  or  heated  and  gradually  cooling  waters 
in  a  new  •>"*  **4  fi«aw«  which  cut  across  the  older  diaspore-margarite 
•  7  ~  '  ^*>ries  of  minerals  The  succession^— 

*  "indicates  at  first  steam  or  hot 
^dJ^Q^tranrition  to'' 
Men  appearance  of  * 
mating.  Cal-. 
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r  but  a  small  quantity  of  this  element 
*!   £    1  ^ w  ere  the  carbonate  makes  up  the  grea 

the  third  stagey  w  ere  t  introduced  from  wit 

^'biy  S— ition  o£  tl»  hornblende  ^ 

CS^:  ^     -  -The  following  is  a  summary  of  t 
pangenesis  of  the     •  eposits: 
I      Stage  L  Limestone. 

sta-ela.  Limonite,  gibbsite*  allophane. 

rnndum  (white  and  bine  In  veins),  and  oligoclase. 
Stage  3a.  Corundophillte  (in  incrusting  layers  on  stage  2)  margarlte.  diasp, 

rutile,  epidote,  chalcopyrite,  calclte,  menacennite. 
€tage3b.  Menaccanite,  margarlte,  dlaspore,  brooklte,  calclte. 
Stage*.    Specular  Iron,  aragonlte,  pjrlte,  chalcopyrite. 
Stage  4a.  Calclte,  malachite.  ..<mr,  hlpftcJ 

Stage*  Corundophl.lte  altered  to  ameslte,  and  margarlte  and  diaspore  bleed 
The  enstatlte  rock  changed  to  serpentine  and  this  to  tale. 
Origin.— It  formerly  seemed  to  me  most  probable  that  the  erne 
magnetite  lenses  were  originally  superficial  deposits  of  hmoD 
which  were  formed  by  the  replacement  of  limestone  and  into  wh 
as  in  the  limonites  of  Berkshire  County,  alumina  was  carried  by  u 
t rating  solutions  and  deposited  as  allophane  and  gibbsite,  and  sfc 
1  mnd  1&  listed  above  are  deduced  from  this  theory,  lhe 

of  the  deposit  was  thought  to  have  oonfli 
in  tfce  cher'-inr  "»  imonite  and  gibbsite  into  emery  and  the  I 
MOto  utf©*korahlend«  schist  Later  studies  strongly  suggest 
the  emery  deposit  is  a  portion  of  the  western  border  of  the  I 
peridotite-serpentine  lens  in  Chester.  The  emery  outcrops  cob 
with  the  western  border  of  thin  kns.  At  the  old  mine  there  a 
feet  of  talc  derived  from  serpentine  just  east  of  the  emery. 

There  is  a  transition  bed  a  foot  thick  composed  of  fine  grax 
white  plagioclase  (anorthite)  exactly  as  in  the  similar  sdvaj 
Pelham.  (See  p.  218.)  Along  the  mountain  to  the  north  the  m 
tine  widens,  and  large  tourmaline  crystals  become  abundant  i 
periphery.  Where  the  bed  crosses  the  river  the  contact  with  the « 
ter  is  beautifully  expoard  and  ih  many  way*  resembles  the  boTc" 
PeJhem.1  Against  the  hornblende  schist  on  the  west  tfc"""  ** 
Barrow  band  of  coarse  biotite  forjm"'  ".ad  *, 

fuD  of  tourmaline,  and  tM*   ■  ■/>  'Sc. 
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says  that  emery  is  generally  lacking  along  the  border  where  chromite 
i?  abundant.1  This  puts  the  emery  at  Chester  in  the  same  category  as 
the  occurrences  at  Pelham  and  Peekskill,  N.  Y.,  though  the  differ- 
ences  are  considerable  but  easily  understood.  The  bed  at  Pelham  is 
a  simple  unchanged  reaction  rim  between  the  olivine  bed  and  a  very 
acid  granite.  The  emery  at  Chester  and  at  Peekskill  is  very  similar 
because  the  olivine  was  in  contact  with  similar  rocks  in  both  places. 
The  bed  at  Chester  has  passed  through  a  much  more  complex  and 
long-continued  series  of  metamorphic  changes  than  the  others,  and 
as  a  result  furnishes  a  more  varied  and  beautiful  series  of  secondary 
minerals.  For  the  same  reason  the  adjacent  olivine  rock  itself  de- 
veloped large  and  beautiful  olivine  crystals  in  secondary  veins. 

SILURIAN  OR  DEVONIAN  ROCKS. 
NEWBURY  VOLCANIC  COMPLEX.' 

The  rocks  forming  the  Newbury  volcanic  complex  occupy  what 
has  been  variously  called  the  Newbury  Basin  and  the  Parker  River 
basin,  in  the  towns  of  Rowley  and  Newbury  in  Essex  County.  The 
basin  is  a  rudely  horn-shaped  area  extending  from  western  Rowley 
north-northeastward  to  the  neighborhood  of  Dummer  Academy  and 
thence  east -northeastward  across  Parker  River  to  the  Plum  Island 
River  marshes.  From  the  south  westernmost  known  exposure  in 
Rowley  to  the  northeast* inmost  in  the  marshes  the  basin  has  a  length 
of  more  than  7  miles,  and  it  presumably  extends  for  some  distance 
farther  beneath  Plum  Island  and  the  water  of  the  Gulf  of  Maine. 
It  is  nearly  2  miles  wide  at  the  eastern  limit  of  exposures  and  tapers 
south  westward,  but  for  more  than  half  its  exposed  length  the  width 
is  more  than  \\  miles.  Except  at  the  southwest  end  and  in  places 
along  the  southeast  side  outcrops  are  abundant  in  all  parts  of  the 
basin  and  large  areas  of  entirely  bare  rock  surface  are  exposed  in 
many  places.  Even  the  tidal  marshes  of  Parker  River  and  Mill 
Creek  are  dotted  with  rocky  islands,  the  largest  several  acres  in 
ext<  ,t  s.h ]  CO  fe«jt  iahsjgjbL  M  r..^  '- .  t  «skWfc»  M  'Uit 

The  rocks,  with  one  exception,  are  wholly  volcanic  and  comprise 
flows,  breccias,  and  tuna.  The  flows  comprise  rocks  of  several  types, 
ranging  from  rhyofcte  to  andesite  or  basalt.  Some  of  the  rhyob'tes 
are  coarsely  porphvritic,  some  are  spherulitic,  and  seme  are  finely 
banded.   The  banded  type,  an  aphanitic  or  in  places  semi  vitreous 


resistant  rock  and  stands  nearly  everywhere  in 
many  places  the  flows  of  banded  rhyolite  have  bee 

'  Prttt.  J.  a.  Tb»  Mnumci  »uj  dUtrUnitios  of  ccrudma  la 
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dated  before  final  consolidation  and  form  flow  breccias  that  exhibit 
great  structural  complexity  but  contain  few  or  no  fragments  of  ex- 

^clTed^tn  the  flows  of  rhyolite,  especially  with  the  porphy 
ritfc  rhyolites,  are  beds  of  volcanic  conglomerate  and  coarse  rhyohtic 
[uff  The  conglomerates,  both  pebbles  and  [^J^1***  * 
rhvolitic  material,  and  in  places  they  grade  into  the  tuffs  through 
bed medium-grained  detritus  that  might  be  called  rhyoht.c 
arkose  Except  that  many  of  the  pebbles  of  the  conglomerate  are 
wXounded  jhese  beds  show  little  evidence  of  water  action  »  their 

f0™vertT  sorts  of  melaphyre-dacite,  andesite  diorite  P«T»^ 
an^probablv  basalt-are  represented  among  the  flows.  All  the  rocks 
are  porphyritic,  some  strikingly  so,  and  a  number  are  ,n  places  amyg- 
Sdal.  AH  are  dark  colored-gray,  olive-brown,  and  purple-and 
gteraUy  noticeably  epidotic,  and  in  grain  they  range  from  apbaniUo 
^  moderately  coarse.  Many  show  flow  banding,  but  others  are 
massive.  Among  the  massive  rocks  are  those  of  some  flows  that  are 
probably  as  thick  and  nearly  as  resistant  to  weathering  as  those  of 
the  cTeat  flows  of  rhyolite.  ...  j 

Associated  with  the  melaphyre  flows  are  volcamc  breccias,  or  mud- 
flows,  and  thick  beds  of  tuff.  The  breccias,  or  mud  flows,  are  ,n  places 
200  feet  or  more  thick  and  consist  of  a  poorly  sorted  mass  of  frag- 
ment the  largest  a  foot  in  diameter,  and  of  all  *«P»^£ 
Xnrular,  and  rounded-of  different  types  of  melaphyre,  em- 
SddeTin  a  matrix  of  volcanic  mud  made  up  of  andesitic  or  basaltic 
STS I  fine  detritus.  They  show  a  rude  sort  of  — »  J 
do  not,  as  a  rule,  appear  to  have  been  deposited  in  water  The  tuffs 
are  generally  dark-gray,  dark-red,  or  purple,  and  range  from  fine 
vdcaTTsh  to  moderately  coarse  material  full  of  feldspar  crystals. 
TheT  re  weU  sorted  and'stratified  and  were  depend  under  water 
or  bv  strong  currents  of  air.  In  places  they  contain  thin,  pebbly  beds, 
Z  which  the  pebbles  reach  an  inch  in  diameter  and  consist  almost 
whX  of  various  sorts  of  melaphyre.   Small  flows  of  highly 
scoriaceous  melaphyre  are  also  interhedded  with  the  tuffs  in  some 

PlCareful  study  of  the  border  of  the  basin  has  failed  to  discover  con- 
tacts with  the  surrounding  rocks,  which  are  the  Dedham  granodiorite 
and  the  Newburyport  quartz  diorite,  No  pebbles  of  the  grounding 
rocks  are  found  in  the  volcanic  conglomerates,  and  no  dikes  of  the 
"volcanic  rocks  penetrate  the  surrounding  rocks.  On  the  other  hand, 
no  dikes  of  granodiorite  or  quarts  diorite  cut  the  rocks  of  the  basin. 
The  form  of  the  boundary  of  the  basin,  however,  at  least  along  its 
southeast  side,  indicates,  though  not  conclusively,  that  the  surround- 
ing rocks  are  younger  and  have  been  intruded  against  the  volcanic 
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rocks.   The  northwest  side  of  the  basin  may  be  along  a  fault,  but 
this  is  not  clear.   The  base  of  the  volcanic  complex  is  therefore  not 
certainly  exposed,  and  whether  the  earliest  flows  were  rhvolite  or 
melaphyre  is  not  known.  During  the  period  of  the  eruptions  the  two 
types  alternated  to  some  extent,  hut  in  this  connection  it  is  interest- 
ing  to  note  that  no  pebbles  of  melaphyre  have  been  found  in  the 
rhyohtic  conglomerates  and  only  a  few  possiblv  rhvolitic  pebbles 
have  been  found  in  the  pebbly  beds  in  the  melaphyre  tuffs. 
rM      ™your£°rners  °n  the  Newburyport  turnpike  just  south  of 
blen  Mills,  in  Rowley,  the  top  of  an  amygdaloidal  melaphyre  flow 
.s  exposed  in  a  small  ledge.    The  surface  of  the  flow  is  irregular 
and  scoriaceous  and  shows  some  evidence  of  pillow  structure,  and  a 
detached  block  of  lava  lies  on  the  surface  of  the  flow.  Overlying 
the  lava  flow  is  a  volcanic  conglomerate  or  mud  flow,  probablV  at 
least  50  feet  thick.   Just  at  the  base  of  the  mud  flow,  immediately 
overlying  the  lava  and  surrounding  the  detached  block,  is  a  few 
inches  of  calcareous  shale  in  which  abundant  fossils  were  discovered 
by  Mr  Ke>th  in  August,  1915.   A  collection  has  since  been  made  by 
K.  D.  Mesler,  of  the  United  States  Geological  Survey,  and  the  fossil 
have  been  examined  in  a  preliminary  way  by  E.  O.  Ulrich.  They  are 
all  of  marine  types  and  comprise  one  or  more  species  of  brachiopods,  a 
species  of  gastropod,  fragments  of  crinoids,  and  probably  a  pelecy- 
pod.  They  are  rather  fragmentary,  and,  although  the  flow  appears 
to  have  been  submarine,  they  were  probably  brought  by  tidal  car- 
rents  from  some  near-by  area  where  conditions  were  more  favorable 
for  marine  life.   The  fauna  must  have  lived  not  far  away,  however, 
for  the  shells  are  little  worn,  and  furthermore  the  mud  flow  over- 
lying the  fossil,  ferous  bed  appears  to  grade  upward  into  clay  shale, 
-00  feet  or  more  thick,  in  which  a  few  crinoid  fragments  have  been 
found. 

After  diligent  search  no  other  locality  has  been  found  where  the 
fossiliferous  bed  is  exposed  or  even  where  a  lava  flow  bears  evidence 
of  having  been  submarine;  A  fairly  detailed  study  of  the  basin 
with  a  view  to  deterinining  its  structure,  although  the  evidence  is 
to  some  extent  contradictory,  has  led  to  the  conclusion  that  the  basin 
as  a  whole  is  a  unit  and  that  all  the  rocks  in  it  are  of  practically  the 
»ame  geologic  age.  The  fossiliferous  shale  appears  to  be  so  related 
to  the  other  rocks  as  to  be  an  essential  part  of  the  complex,  and  the 
fossils  therefore  fix  the  age  of  the  complex  as  a  whole. 

The  fossils  have  not  been  studied  in  detail  and  only  one  species  has 
so  far  been  identified,  but  according  to  Mr.  Ulrich  the  fauna  appears 
to  be  similar  in  a  general  way  to  that  of  the  Chapman  sandstone  of 
northeastern  Maine,  which  he  regards  as  of  Oriskany  age.  The  fauna 
at  Rowley  may,  however,  according  to  Mr.  Ulrich,  be  somewhat  older 
and  more  nearly  contemporaneous  with  the  Pembroke  and  Eastport 
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formations  of  the  Eastport  region,  which  have  been  classed  as 
Cayugan.  The  age  of  the  Newbury  complex,  therefore,  is  not  defa- 
nitelv  determined,  but  it  appears  to  be  either  late  Silurian  or  early 
Devonian.  Inasmuch  as  the  rock  types  are  substantially  the  same 
as  those  of  the  Mattapan  volcanic  complex  of  the  Boston  district, 
which  is  supposed  to  be  Carboniferous,  the  Newbury  Basin  has 
hitherto  been  grouped  with  the  Carboniferous  basins  of  southeastern 
New  England.  The  definite  discovery  that  it  is  older  therefore 
marks  an  important  epoch  in  the  history  of  geologic  research  in  the 
Stele  Probablv  the  basin  marks  the  south  westernmost  limit  now 
remaining  of  the  Silurian  and  Devonian  strata,  characterized  by 
faunas  of  European  relationships  and  interbedded  with  volcanic 
flows,  which  are  exposed  at,  several  places  in  Maine  and  the  Maritime 
Provinces  of  Canada. 

DEVONIAN  (T)  IGNEOUS  ROCKS. 
GENERAL  CHARACTER. 
About  half  of  that  part  of  Massachusetts  which  lies  southeast  of 
the  Merrimack  belt  of  Carboniferous  strata  (excluding  the  Cape  Cod 
Peninsula,  where  nothing  is  known  of  the  bedrock)  and  a  large  part 
of  central  northern  Rhode  Island  are  occupied  by  a  great  complex 
of  igneous  rocks  of  several  sorts,  the  greater  part  of  which  are  prob- 
ably of  Devonian  age. .  They  are  intruded  into  and  include  many 
masses  of  the  Algonkian  ( ?)  rocks,  are  overlain  in  broad  areas  by 
the  Carboniferous  sedimentary  and  volcanic  rocks,  and  are  at  some 
places  cut  by  the  younger  granites. 

The  presumed  Devonian  rocks  are  here  described  under  two  gen- 
eral heads— the  Milford  granite  and  associated  rocks  and  the  Ded- 
ham  granodiorite  and  associated  rocks.  The  rocks  of  the  two  groups 
are  closely  similar  in  lithologic  character  and  in  most  other  respects 
and  are  believed  to  be  of  the  same  age.  They  are  separated  here 
chiefly  for  convenience  in  mapping  and  description.  The  Dedham 
granodiorite  and  associated  rocks  occupy  several  times  as  much 
territory  as  the  other  croup.  jraf|  |g3 

The  Dedham  granodiorite  appears  to  be  in  eruptive  contact  with 
the  rocks  of  the  Newbury  volcanic  complex  and  hence,  if  so,  is  at  least 
as  young  as  Devonian.  On  the  other  hand,  this  granodiorite  and 
some  associated  rocks  had  been  laid  bare  by  long  denudation  and 
had  been  deeply  weathered  before  the  earliest  Carboniferous  sedi- 
mentary and  volcanic  rocks  were  laid  down  upon  it,  and  it  is  there- 
fore at  least  as  old  as  Devonian.  Similar  granites  in  the  Maritime 
Provinces  of  Canada  cut  early  Devonian  strata  and  were  deformed 
before  the  deposition  of  Mis&issippian  strata.  Several  different 
kinds  of  evidence  therefore  show  that  the  granite  is  probably  of 
Middle  Devonian  age. 
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MILFORD  GRANITE  AND  ASSOCIATED  ROCKS. 
MILFORD  GRANITE. 

Distribution  and  relations. — The  Milford  granite  occupies  a  large 
area  extending  from  Westboro  and  Southboro,  Mass.,  to  Cranston, 
R.  L,  and  a  small  area  west  of  the  principal  one,  chiefly  in  Grafton, 
Mass.  It  is  well  known  nnd  much  used  as  a  building  stone  under 
the  name  "Milford  pink  granite"  and  is  extensively  quarried  in 
Fayville,  Cordaville,  Ilopkinton,  and  Milford,  Mass.,  and  in  Granite- 
ville,  R.  L  The  rock  has  been  fully  -described  in  its  economic  as- 
pects by  Dale.1 

The  Milford  granite  is  intruded  into  the  Northbridge  granite 
gneiss  and  into  the  supposed  Algonkian  rocks  and  is  overlain  by  the 
Carboniferous  Bellingham  conglomerate  of  the  Woonsocket  area. 
So  far  .is  the  formation  itself  is  concerned,  there  seem  to  be  no  re- 
lations by  which  to  determine  its  age  more  closely,  but  it  is  appar- 
ently of  the  same  age  as  the  Dedham  granodiorite  and  it  is  there- 
fore regarded  as  probably  Devonian. 

There  is  generally  around  the  granite  a  dark  hornblendic  border, 
supposed  to  be  a  contact  phase  of  the  granite  magma,  which  is  de- 
scribed below  as  the  Ironstone  quartz  diorite.  Within  this  border  is 
an  irregular  area,  in  places  a  mile  wide,  of  light-colored,  fine- 
grained, somewhat  uplitic  rock,  from  which  it  is  assumed  that  the 
iron  and  magnesia  have  migrated  to  the  hornblendic  border. 

Character. — -Across  its  broad  central  area  of  many  square  miles 
the  Milford  granite  is  a  rather  coarse-grained  alkalic  granite,  con- 
taining a  small  quantity  of  biotite  as  its  dark  constituent.  The  blue 
or  lavender  color  of  the  quartz  distinguishes  the  granite  from  the 
Quincy  granite  and  from  all  the  late  Carboniferous  granites  ex- 
cept that  near  Worcester.  The  rounded  grains  of  albite  and  of 
poikilitic  quartz  are  possibly  rounded  by  resorption. 

The  commonest  type  of  the  granite  is  a  pink,  coarse-grained  rock 
containing  fairly  abundant  biotite  in  distinct  black  spots  made 
up  of  minute  scales.  The  quartz  is  in  rounded  blue  grains  and 
the  feldspar  in  partly  distinct  crystals  inclosed  in  a  granulated 
quartz-feldspar  groundmass.  This  structure  is  original,  for  it  pene- 
trates some  of  the  larger  grains.  The  feldspar  is  generally  micro- 
cline  with  a  coarse  peglike  growth  of  albite  and  quartz.  The 
accessory  minerals  are  Ihnenite  bordered  by  leucoxene,  garnet, 
apatite,  pyrite,  magnetite,  and  zircon.  Some  of  the  rock  along  the 
border  of  the  mass,  as  in  Statesville,  is  crushed  into  a  muaoovitic 
schist 

■iv.' ^*^?,.Nv'nM  cW*'  fOBlnM'rel«l  tnaXtm  of  MuatcbuMtu,  New  Hum>thlr«,  u4 
Khoda  IataaS:  V.  H.  OmL  Bnrr«r  BolL  *M,  p.  T\  lsga. 
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The  granite  exposed  about  Fayville  is  rather  coarse,  even  grained, 
and  pinkish  and  contains  blue  quartz.  The  biotite  is  in  scattered, 
inconspicuous  scales.  The  abundant  feldspars  are  orthoclase  and 
microcline  with  complex  microperthitic  structure,  with  the  lobed 
albite  projecting  beyond  the  surfaces  of  the  crystals  and  coating 
them,  and  w  ith  the  centers  crowded  with  ]>erfect  microlites  of  epidote 
and  muscovite.   The  quartz  is  in  large  grains  with  wavy  extinction. 

In  the  granite  (or  granodiorite)  around  Upton  the  bunches  of 
black  biotite  are  larger  and  somewhat  blended,  and  the  rock  is 
darker  and  distinctly  more  mafic.  The  quartz  and  feldspar  are  well 
mixed  in  a  common  groundinass,  in  many  places  micrographic,  and 
much  of  the  feldspar  is  an  alkalic  plagiocla.se  crowded  full  of  large, 
model-like  microlites  of  epidote.  The  rock  is  thus  in  a  way  inter- 
mediate between  the  typical  Milford  granite  and  the  Ironstone 
quartz  diorite. 

The  granite  of  the  area  in  Rhode  Island  that  extends  from  Woon- 
socket  to  Granitcville  is  similar  to  that  in  the  quarries  at  Milford. 
Microcline  is  abundant  and  seems  to  be  the  only  feldspar.  It  is  cnt 
by  broad  bands  which  seem  originally  to  have  been  albite  but  are 
now  altered  to  a  mixture  of  muscovite,  epidote,  and  the  like.  The 
rock  at  the  Taylorsville  quarry,  west  of  Providence,  is  commonly 
sheared  into  a  muscovite  gneiss  but  retains  many  porphyritic  struc- 
tures. The  large  grains  of  blue  quartz  show  undulose  extinction, 
contain  many  small  epidote  crystals  and  small  water  cavities  with 
many  bubbles,  and  meet  the  feldspar  with  traces  of  graphic  texture. 
The  feldspars  are  commonly  idiomorphic,  like  phenocrysts,  and  are 
nearly  all  albite  full  of  epidote  crystals.  The  quartz,  though  newly 
broken  into  fragments,  was  plainly  in  large  grains,  as  in  the  Quincy 
granite  at  Rockport-  It  contains  calcite  in  twinned  grains  and  pale- 
red  isotropic  garnet  grains  with  a  kelephytic  rim  of  pale  amber 
pyroxene  and  grains  of  a  colorless  mineral  with  a  deep-purple  bor- 
der and  octahedral  cleavage  lines.  This  is  doubtless  fluorite,  which 
is  found  in  large  grains  in  the  granite  and  also  in  veins  in  that 
rock. 

The  composition  of  the  granite  is  shown  by  the  following  results 
of  analyses.  It  is  nearly  the  same  as  that  of  the  Quincy  granite  at 
Rockport  given  for  comparison  in  column  7  of  the  table.  Chemi- 
cally the  rock  is  an  alkalic  granite. 
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Chemical  comjioaition  of  Milford  and  Quincy  granite*. 
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1.  Pink  Milford  granite  (liparoseVRoss  Granite  Co.,  L.  P.  Kinnlcut,  analyst. 

2.  Milford  erantte  ( losranone),  C  P.  Chandler,  analyst. 
3  and  4.  Milford  granite. 

6.  Milford  granite,  SouthvDle  qnarrr,  Fayville. 

6.  Aplite.  Southvllle  quarry.  (3  to  6.  analyses  furnished  by  laboratory  ol  J.  H.  Perry.) 

7.  Quincy  granite  (ifparose),  Rockport,  Mass.,  H.  8.  Washington,  analyst  Jour.  Geology,  voL  6.  p.  793, 
1898.  (For  comparison,) 

APLITE  AND  NOBTHFIELOITB. 

The  granite  is,  as  a  rule,  bordered  by  a  broad  zone  of  dark  horn- 
blendic  rock,  the  Ironstone  quartz  diorite.  Just  within  this  dark 
zone  is  another  zone,  about  a  mile  wide,  in  which  fhe  prevailing  rock 
is  a  fine-grained,  light-colored  aplite,  much  of  it  so  poor  in  feldspar 
that  it  simulates  a  slightly  biotitic  quartzite.  This  aplitie  rock  is 
at  places,  as  in  the  hill  2  miles  south  of  Uxbridge  and  also  a  mile 
northeast  of  Wheelockville,  almost  pure  quartz.  A  sample  from  the 
outcrop  1$  miles  north  of  Millville  contained  87.51  per  cent  silica. 
It  has  been  named  northfieldite.1 

Both  in  the  field  and  under  the  microscope  this  aplite  can  hardly 
be  distinguished  from  the  near-by  Algonkian  (?)  quartzite,  but  its 
position  in  a  concentric  zone  between  the  central  normal  granite 
and  the  hornblendic  border  zone  makes  its  nature  clear  and  there 
are  certain  characteristic  differences  between  it  and  the  quartzite. 
Thus  ledges  of  the  aplite  are  more  rounded,  massive,  and  unjointed, 
and  those  of  the  quartzite  are  more  ragged,  irregularly  jointed,  and 
banded.  There  is  a  greater  range  in  the  size  of  the  quartz  grains 
in  the.  aplite  than  in  the  quartzite.  Besides  in  many  places  the 
aplite  grades  into  a  distinctly  more  feldspathic  facies,  and  even  in 
the  most  quart zose  facies  the  lens  shows  minute,  opaque,  white, 
widely  scattered  grains,  probably  of  feldspar.  The  quartzite,  on  the 
other  hand,  grades  into  actinolitic  or  highly  micaceous  schist  Its 
disseminated  biotite,  muscovite,  and  epidote  ally  the  aplite  with  the 
granite  rather  than  with  the  quartzite,  and  in  some  sections  every 
grain  is  full  of  rutile  needles  that  seem  to  be  original  and  not  derived 
as  sand  from  some  weathered  granite.  ~  ^ ^ *<*f  v  <<•  ••• 
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k  mile  northeast  of  Westboro  a  large  outcrop  of  the  aplite ,  «n ^he 

posed  in  the  hill  ■  ™*  n°rtn  Millville,  where  aplite  shot  through 

SS  fi^SiriiSl  zone  of 

In  several  places  where  lenses  of  dionte  appear  in  the  granite  far 
fromTts  border  they  are  surrounded  by  a  zone  of  aplite  and  are 
interpreted  as  portions  of  the  peripheral  zone  separated  from  the 
rest  by  erosion. 

IRONSTONE  QUARTZ  DIOKTTE. 

The  Ironstone  quartz  diorite  is  the  rock  that  forms  the  dark 
hornblendic  border  zone  of  the  Milford  granite.  It  is  named  from 
the  village  of  Ironstone,  in  the  town  of  Blackstone,  where  a  great 
ridge  of  black,  heavy  rock,  well  exposed  in  a  long  n„lroad^ 
has  given  a  name  to  the  village.  This  hornblendic  border  zone  can 
be  traced,  almost  continuously,  about  the  sinuosities  of  the  western 
margin  of  the  great  Milford  granite  mass,  a  distance  of  more  than 
70  miles.  It  also  surrounds  the  smaller  granite  stock  in  Grafton.  It 
ranges  in  width  from  a  narrow  belt  to  a  zone  60  rods  wide,  but  its 
continuity  is  broken  in  only  a  few  places. 

The  diorite  is  a  dull-black  massive  rock  of  fine  to  medium  gram. 
The  coarser  portions  are  more  or  less  gray,  mottled  with  smal 
aggregates  of  feldspar  and  quartz,  which  in  places  are  so  abundant 
Mto  give  the  rock  the  aspect  of  a  dark  granite,  and  this  is  the  pre- 
vailing type,  Much  of  the  rock  is  biotitic  and  the  biotite  is  so  plen- 
tiful in  places  that  the  rock  there  deserves  the  name  tonalite.  The 
feldspar  is  generally  labradorite.  The  hornblende  crystals  are  com- 
monly full  of  minute  grains  and  rods  of  iron  ore  in  their  centers, 
and  have  clear  borders,  but  the  rest  of  the  ore  is  in  large  mterstitial 
grains.  The  hornblende  crystals  may  also  contain  large  rounded 
grains  of  unstrained  quartz  or  plagioclase.  j&fjktH 

As  with  the  albite  of  the  ordinary  Milford  granite  the  plagioclase 
is  centrally  filled  with  crystals  of  epidote,  aa  sharply  defined  as 
models,  which  are  much  larger  and  more  abundant  than  in  the 
granite,  and  are  commonly  so  abundant  as  wholly  to  disguise  the 
feldspar.  In  the  quartz  veins  at  the  border  the  epidote,  there  pos- 
sibly secondary,  appears  further  concentrated  in  great  crystals  sev- 
eral inches  long,  many  of  them  bent  or  broken.'  The  rock  thus 
everywhere  preserves  a  record  of  the  migration  of  the  iron  from  the 
center  toward  the  border  and  its  early  crystallization  in  the  epidote 
molecule,  and  a  later  sudden  crystallization  of  the  residual  magma 
into  plagioclaae  and  hornblende  wholly  free  from  iron-bearing 
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Large  masses  of  the  rock  in  the  Ironstone  cut,  though  retaining 
the  granular  texture  of  the  gray  rock,  contain  green  instead  of 
gray  epidote  as  the  light  constituent,  and  in  them  the  feldspar  is 
entirely  replaced  by  the  granular  epidote  which  is  so  abundant  in 
the  feldspars  of  the  gray  variety. 

Many  large  dikelike  masses  of  the  diorite  appear  isolated  in  the 
Milford  granite.  Some  of  them  are  bordered  by  a  broad  zone  of 
aplite  and  are  assumed  to  be  portions  of  the  old  cover  spared  by 
erosion.  Where  they  appear  in  the  coarse  granite  without  a  border 
of  aplite,  as  in  the  great  masses  on  Pond  Hill  in  Mendon,  they  are 
assumed  to  have  sunk  into  the  granite  magma  from  the  newly  formed 
cover  before  the  central  mass  finally  solidified.  Along  the  road  from 
Milford  to  Hopkinton  the  Milford  granite  contains  many  inclusions 
of  the  black  diorite,  generally  small,  but  a  few  of  them  15  to  20  feet 
square. 

fiabbroid  variants  of  the  diorite  appear  in  places.  The  contact 
rock  has  generally  the  aspect  of  a  dark  granite,  but  where  the  diorite 
zone  crosses  the  State  line  south  of  Ironstone  it  is  a  dull-gray  rock, 
lighter  in  color  and  weight  than  the  average  and  having  the  aspect 
of  an  enstatite  rock.  With  the  microscope  it  is  seen  to  be  made  up 
chiefly  of  large  square  equal-sized  anhedra  of  coarsely  banded  plagi- 
oclase, much  of  it  very  calcic  and  very  fresh,  extinction  45°  on  (100). 
In  strong  contrast  the  scattered  rounded  blebs  of  the  bisilicate  are 
so  entirely  changed  to  a  uralitic  mass  that  their  original  character 
can  not  be  determined,  but  all  the  cores  that  seem  least  changed  are 
hornblende.  They  are  almost  colorless,  and  there  is  no  free  ore. 
This  may  possibly  be  a  separate  dike  penetrating  the  contact  rock. 

Another  great  outcrop  of  diorite  occurs  in  longitude  71°  40',  along 
the  highway  that  runs  south  in  Burrillville.  It  is  a  coarse  black 
massive  pyritous  diorite,  so  fresh  that  in  one  part  of  the  section 
the  uralitic  and  leueoxenic  changes  are  wholly  wanting.  The  sec- 
tion has  the  gabbroid  plagioclase  of  the  last  variant  described, 
and  the  dark  hornblende  and  abundant  ore  of  the  normal  con- 
tact rock,  •*»•'■•"  i.,<.i\*-K  ':■»•• 

In  Bellingham,  near  the  point  where  the  railroad  from  Milford 
to  Franklin  crosses  the  east  boundary  of  the  Blackstone  quadrangle, 
are  bowlders  of  an  interesting  type  of  the  Ironstone  quart*  diorite, 
Hie  rock  is  a  black  porphyritic  diorite,  with  the  feldspar  crystals 
m  thick  white  plates  from  an  inch  to  an  inch  and  a  half  long  and 
from  one-eighth  to  one-fourth  of  an  inch  thick.  These  crystals  are 
quite  regular,  but  toper  somewhat  to  the  end.  In  some  specimens 
^veral  radute  from  a  common  center.  Biotite  almost  equals  horn- 
blende  m  amount,  so  that  the  rock  approaches  the  tonalite  phase. 

rne  Urge  feldspars  have  a  saussuritic  sspect,  but  prove  under 
the  microscope  to  be  made  up  of  an  aggregate  of  plagioclase  grain*. 


170 


OEOLOUY  OF  MASSACHUSETTS  AND  RHODE  ISLAND. 


As  usual,  their  central  parts  are  so  crowded  with  epidote  microlites 
that  their  character  is  wholly  indistinct,  hut  in  the  border  of  the 
crystals  the  microlites  are  scattered. 

Dikes  of  dark  dioritic  rook  cut  the  Westboro  quartzite,  which 
be  offshoots  of  the  outer  layer  of  the  batholith,  although  they  differ 
slightlv  from  it,  being  of  considerably  finer  gram.    A  half  m.te 
northwest  of  Hopedale  such  a  dike  ,>:>  feet  thick,  dark  graj  to  black, 
of  fine  grain  and  finer  at  the  border,  shows  remarkab  e  exfoliation. 

A  zone  3  feet  thick  and  3  feet  from  the  edge  .a  full  of  quart*** 
fragments,  the  largest  7  inchea  long,  which  are  surrounded  by  a  halo 
of  coarser-grained  diorite.  . 

Chemically,  the  Ironstone  quartz  diorite  18  medmsihc.e  and  s 
fairlv  high  in  iron  and  lime.  Its  composition  is  shown  by  the  fol- 
lowing result  of  an  analysis  of  rock  from  the  Ironstone  cut : 

Chemical  coMfoafNM  of  from/one  .,wrt:  diorite  [l,c*»o*e). 
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A  belt  of  tonalite  or  quartz  diorite  extends  from  the  Sudbury 
Reservoir  soothwestward  across  the  northern  part  of  Southboro  and 
Westboro  and  is  seemingly  a  southwestern  extension  of  the  mass  of 
Dedham  granodiorite  that  extends  from  Lincoln  to  Southboro.  Ine 
rock  is  well  exposed  in  Wolfpen  Hill,  in  Southboro,  from  which  it  is 
named.   In  the  eastern  part  of  the  area  the  rock  is  similar  to  the 
Newburyport  quartz  diorite  but  is  generally  mottled  flesh-colored 
and  green  from  the  alteration  of  its  dark-colored  minerals  to  chlo- 
rite.   At  many  places  it  is  so  greatly  mashed  that  portions  are 
changed  to  a  greenish  hornstone.  In  Wolfpen  Hill  a  greatly  crushed 
black  diorite  containing  no  free  quartz  is  associated  with  the  tonalite. 
The  prevailing  rock  in  the  western  part  of  the  area  la  a  greatly  de- 
composed chloritic  granular  rock. 
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The  Wolfpen  is  doubtless  intruded  into  the  Marlboro  formation, 
and  along  its  northern  side  it  contains  inclusions  of  rock  derived 
from  the  Marlboro.  Along  its  southern  side  it  contains  some  inclu- 
sions of  Westboro  quartzite,  with  which  it  is  in  contact  in  Southboro. 

GRANITE  ON  CONANICUT  ISLAND  AND  NEWPORT  NECK. 

The  coarse  granite  or  granite  porphyry  of  the  south  end  of  Conani- 
cut  Island  and  on  Newport  Neck,1  characterized  by  2-inch  feldspar 
phenocrysts  and  containing  orthoclase,  oligoclase,  magnetite,  quartz, 
titanite,  and  chloritic  aggregates  from  a  ferromagnesian  mineral  with 
microscopic  epidote,  was  determined  to  be  older  than  the  Carbonif- 
erous strata  by  Pirsson,*  who  found  pebbles  of  it  in  the  strata.  It 
is  associated  with  a  distinct  greenish  or  purplish  hornfels  (called 
the  Dumpling  Rock  by  Foerste)  containing  chlorite,  zoisite.  horn- 
blende, and  feldspar,  which  is  possibly  one  of  the  Algonkian  (?) 
rocks.  The  granite  is  much  cut  by  pegmatite  and  quartz  veins, 
and  in  places  a  pink  aplite  intervenes  between  it  and  the  older  rock 
and  cuts  the  granite,  Foerste*  regarded  the  aplite  as  younger  than 
and  intruded  into  the  granite, 

Lahee  *  considers  this  granite  to  be  pre-Carboniferous.  He  regards 
the  pegmatite  and  quartz  veins  as  offshoots  of  the  Sterling  granite 
gneiss,  and  they  cut  the  rock  on  Conanicut  Island,  which  makes  that 
rock  older  than  the  Sterling  granite,  A  minette  dike  cuts  the  granite 
on  Conanicut  and  also  cuts  the  Carboniferous  strata,  but  Lahee  finds 
no  close  relation  between  the  minette  and  the  Sterling  granite. 

Chemical  nwi/xtMllon  of  granite  (totcanote)  from  a  point  near  middle  of  arm 
on  Conanicut  Inland.* 
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The  same  coarse  porphyritic  granite  with  aplite  dikes  appears  on 
Newport  Neck,  and  the  "greenish  igneous  rock"  of  Dale*  which 
borders  it  and  separates  it  from  the  shale  would  seem  to  be  the  same 
as  the  hornfels  of  Pirsson.  The  same  rock  appears  between  the 
Bonnet  and  Narragansett  Pier. 

» Dale,  T.  N.,  Am.  Jour.  Set.  3d  »er.,  rol.  17,  p.  21T,  1884. 

•  Pirsson,  L.  V„  Geology  of  Conanlcot  Island  :  Am.  Jour.  ScL,  Sd  tcrn  rol.  40,  p.  SdS, 
1898.         ,  »..  -  ,  .»...<-,.  j,   •-.         ( ,  •. 

•  Foerste,  A.  F.,  V.  S.  OeoL  Sorrej  lion.  88,  pp.  280,  815,  1899. 

4  Uhee,  F.  H„  Am.  Jour.  Set,  4th  ser,  rot  88,  pp.  240,  204,  44T,  1912. 

•  Pirsson.  L.  V..  Am.  J  oar.  *d.,  Sd  ser.  rot  46,  p.  878,  1808.  * 

•  V.  B.  Geol.  Survs/  Mob.  88.  pp.  814-816,  1890. 
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D  ED  HAM  GBANODIOBITE  AND  ASSOCIATED  SOCKS. 
GENERAL  RELATIONS. 

Much  the  greater  part  of  the  igneous  rocks  of  probably  Devonian 
age  in  eastern  Massachusetts  is  comprised  in  a  great  group  of  in- 
trusive rocks,  including  many  varieties  but  all  apparently  closely 
related,  of  which  the  dominant  and  most  widely  distributed  type  is 
p  granodiorite  from  which  the  group  as  a  whole  has  been  named. 
The  rocks  of  this  group  extend  from  Hampton,  X.  H.,  to  the  shore 
of  Buzzards  Bay.  They  are  intruded  into  the  old  complex  of  pre- 
Cambrian  rocks  and  contain  many  isolated  masses  of  those  rocks 
and  are  in  turn  invaded  by  and  probably  entirely  surround  stocks  of 
early  Carboniferous  granite.  They  are  overlain  in  broad  basins  by 
Carboniferous  sedimentary  and  volcanic  rocks,  and  evidently  they 
very  generally  form  the  floor  beneath  those  rocks,  for  the  younger 
rocks  rest  on  them  at  many  places  about  the  margins  of  the  basins 
end  contain  pebbles  derived  from  them,  and  fragments  of  them  are 
abundant  in  certain  inclusion-bearing  dikes  that  cut  the  rocks  of 
the  basins  and  that  have  evidently  brought  up  material  torn  from 
the  underlying  rocks.  Therefore,  although  their  surface  continuity  is 
apparently  interrupted  by  shallow  basins  of  younger  rocks,  they 
probably  form  a  continuous  mass — a  sort  of  complex  batholith — 
throughout  their  known  geographic  range.  Recent  field  work  has 
shown  that  the  granite  of  southwestern  Maine  is  probably  late  Car- 
boniferous or  still  younger  and  that  it  may  cut  off  the  Devonian  (!) 
l-tthnJ**>'  on  that  side,  and  thus  separate  it  from  the  Devonian  granite 
of  eastern  Maine. 

In  this  group  of  intrusive  rocks  many  types  are  represented,  from 
quartx  veins,  pegmatite,  and  aplite  through  binary  granite  and  bio- 
litie  and  hornblendic  granites,  syenites,  tonalites,  and  diarhes  to 
camptonite,  gabbro,  and  diabase.  Small  masses  of  subsilicic  rocks 
occur  at  some  places,  but  their  relations  are  not  clear,  and  whether 
they  should  be  grouped  with  the  other  rocks  has  not  been  satisfac- 
torily determined.  Most  of  the  rocks  have  been  grouped  for  con- 
venience in  mapping  and  description  under  three  names — Salem 
gabbro-diorite,  Newburyport  quartz  diorite,  and  Dedham  granodio- 
rite — but  sever*]  sorts  of  rock  are  included  under  each  name  and  all 
three  groups  grade  into  one  another,  so  that  such  a  threefold  divi- 
sion is  largely  arbitrary  and  is  made  chiefly  for  convenience.  Bocks 
of  several  other  types  that  perhaps  are  not  essential  members  of  the 
complex  have  been  mapped  separately.  The  Dedham  granodiorite 
is  the  most  characteristic  and  widely  distributed  of  the  formations 
and  exceeds  in  bulk  all  the  others  combined. 

All  these  rocks  are  intimately  associated,  and  the  several  types 
grade  into  one  another  and  all  have  the  same  relations  to  the  general 
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geologic  structure  and  to  the  surrounding  fonnations;  therefore  they 
are  regarded  as  having  been  intruded  at  different  times  during  a 
single  prolonged  and  complex  eruptive  period  and  as  of  the  same 
general  geologic  age.  Among  themselves,  however,  they  display  a 
considerable  range  in  age  and  a  regular  order  of  irruption,  shown 
by  their  intrusive  relations,  which  follows  closely  their  order  of 
gradation  from  mafic  to  felsic  rocks.  Thus  the  diabases  and  campto- 
nites  are  the  oldest  and  cut  no  rocks  of  the  other  types,  but  are  cut 
by  many  of  them,  and  so  on  through  the  list  to  the  granites,  which 
cut  rocks  of  all  the  other  types  except  the  aplite,  pegmatite,  and 
quartz,  dikes  and  veins  of  which  cut  everything.  They  also  display 
a  definite  geographic  arrangement,  at  least  in  mass  distribution. 
The  Salem  gabbro-diorite  and  most  of  the  other  mafic  types  occur 
chiefly  north  of  the  Boston  district,  where  they  constitute  by  far  the 
greater  part  of  the  whole,  and  the  Dedham  granodiorite'  occurs 
chiefly  in  southeastern  Massachusetts,  where  it  is  almost  the  only 
kind  of  rock  throughout  large  areas.  There  is  no  corresponding 
gradation,  however,  in  the  individual  types  of  rock.  The  binary 
granite  of  northern  Essex  County  is  as  silicic  as  that  found  miles 
to  the  south,  aod  is  practically  identical  in  character  with  it,  and 
the  diorites  and  diabases  of  northern  Essex  County  are  no  more  mafic 
than  those  of  the  Boston  district  and  not  essentially  different  from 
them. 

On  account  of  their  diversity  in  character,  their  intricate  field 
teletions,  and  the  light  they  throw  on  the  problems  of  magmatic 
differentiation,  these  rocks  are  of  great  interest  and  hsve  been  in- 
vestigated in  more  or  less  detail  by  many  geologists.  The  chief  con- 
tributions to  this  investigation  have  been  those  of  Washington,* 
Sears,1  and  Clapp*  on  the  rocks  of  Essex  County,  those  of  Crosby* 
•nd  White  •  on  the  rocks  of  northern  Norfolk  County,  and  of  War- 
ren and  Powers*  on  the  district  sbout  the  northeast  corner  of  Rhode 
Island.  Wood  worth »  and  Longhlin  *  have  briefly  described  the  rocks 
about  the  Narragansett  ftssfil  r  'f  if*  If ^iffis  j* V ; *i  y',  » 
It  seems  to  be  the  general  opinion  of  those  who  hsve  studied  these 
rocks  that  they  constitute  a  single  eruptive  group  and  are  parts  of  a 
complex  batholith  and  that  they  owe  their  diversity  to  magmatic 

[   '  WMhlnfton.  H  B.,  Tb«  petrocr^UeaJ  prorloc*  of  Knm  County,  Uau  :  Jour  Owloo 

W.?UTVuH~uT^  *h*-C*1  tm*r"ttJ-  I****  «^«WJ.  «*i  pHeo.toloo  «rf  Swi 
I  !S5^.^^'ri!  <*  "aw  Ocatj.  Mmm.  ISIS. V-  SSPtf  '* 

L  a^sset      '  e"*»**T:  Bo^ou  **■      Htat.  o-».,,D.i  r.^0  r». 

l.X^.r.A^  . 

'        -w*m^Km  tw.  sa,  p.  ip,  im  j  aJae  Tol.  S8,  p.  4S,  1S14. 
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differentiation,  but  there  is  considerable  difference  of  opinion  regard- 
ing the  cause,  manner,  time,  and  place  of  the  differentiation. 

Some  geologists,  Crosby  especially,  have  regarded  the  differentia- 
tion as  controlled  largely  by  external  conditions  and  as  perhaps  due 
in  part  to  assimilation  of  material  from  surrounding  rocks.  Crosby 
suggests  that  the  batholith  has  a  zonal  structure  and  consists  of  a 
core  of  granite  surrounded  by  concentric  zones  of  successively  more 
mafic  rock  and  a  peripheral  shell  of  diorite  and  gabbro,  and  that 
this  structure  is  due  entirely  or  chiefly  to  differentiation  m  place, 
caused  largely  by  chilling  and  other  effects  at  the  contacts.  Both 
Sears  and  Washington  have  expressed  the  same  general  idea,  but 
more  recent  work  has  shown  that  the  granite  which  they  regarded  as 
the  core  of  the  batholith  in  Essex  County  is  younger  and  that  its  ap- 
parently central  position  has  nothing  to  do  with  the  differentiation 
of  the  older  rocks.  . 

Clapp,  on  the  other  hand,  suggests  that  the  variety  of  rocks  m  the 
batholith  is  due  to  gravitative  differentiation  in  place,  on  the  theory 
that  the  heavier  constituents  of  the  magma  tended  to  sink  before 
final  solidification,  and  that  the  cooling  rock  thus  became  arranged  in 
layers,  increasing  downward  in  density  and  in  their  content  of  mane 
minerals.  On  this  explanation  the  granite  was  the  uppermost  part  of 
the  solidified  mass  and  was  underlain  by  successive  layers  of  grano- 
diorite,  quartz  diorite,  and  gabbro-diorite,  and  the  bottom  of  the 
batholith  was  presumably  a  layer  of  olivine  gabbro  or  pendotite, 
as  yet  nowhere  exposed.  He  explains  the  present  complex  structure 
of  the  mass,  especially  the  fact  that  gabbro-diorite,  which  must  have 
formed  well  toward  the  bottom,  is  now  in  places  m  contact  with 
granite  or  with  the  older  surrounding  rocks,  as  due  to  subsequent 
folding  and  faulting. 

Mr  LaForge  has  come  to  a  still  different  conclusion.  He  regards 
both  the  explanations  cited  above  as  inadequate,  because  each  was 
based  on  observations  made  in  only  part  of  the  area  occupied  by  these 
rocks  and  did  not  take  into  account  the  relations  of  the  same  rocks  at 
other  places  or  the  mass  distribution  of  the  rocks  in  the  area  as  a 
whole.  Furthermore,  except  along  part  of  the  west  side,  the  exposed 
area  of  these  rocks  is  bounded  by  younger  rocks  or  by  the  sea,  and 
under  such  drcumstances  the  position  of  the  center  or  of  the  pen  ph 
ery  of  the  original  complex  can  be  determined  only  hypothetically. 

From  a  general  familiarity  with  the  rocks  of,  the-  complex  from 
New  Hampshire  to  Rhode  Island  he  has  reached  the  conclusion  that 
the  relations  they  display  can  not  be  explained.  By  any  theory. based, 
on  the  assumption  that  the  so-called  batholilh  wa«  irrupted  practi- 
cally as  a  single  mass  and  that  the  differentiation  took  place  chiefly 
or  wholly  after  such  irruption  and  during  cooling.  That  diff erentm- 
tion  in  place  has  occurred  in  some  parts  of  the  mass  is  evident,  tnougti. 
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the  study  of  the  rocks  has  not  been  sufficiently  detailed  to  determine 
its  cause  or  mode,  but  wherever  it  occurred  it  was  on  a  comparatively 
small  scale,  and  it  can  generally  be  cited  to  explain  only  the  grada- 
tions from  one  type  of  rock  to  another  within  the  limits  of  a  single 
intrusive  mass. 

Mr.  LaForge  believes,  with  the  others,  that  these  rocks  constitute  a 
single  eruptive  group  and  are  of  the  same  general  age,  but  he  also 
believes  that  they  do  not  form  virtually  a  single  large  eruptive  mass 
that  can  properly  be  called  a  batholith,  except  perhaps  in  the  broad- 
est  nmse  of  that  term.  In  his  opinion  all  the  types  of  rock  in  the 
mass  were  differentiated  from  one  parent  magma,  but  the  field  rela- 
tions indicate  that  the  principal  differentiation  took  place  at  a  much 
greater  depth  than  solidification,  in  some  great  magmatic  reservoir, 
possibly  in  the  manner  suggested  by  Bowen.1  From  time  to  time 
differentiated  portions  of  the  parent  magma-,  of  successively  less 
mafic  composition,  invaded  the  overlying  rocks,  parts  of  which,  in 
the  later  stages  of  the  eruptive  period,  were  offshoots  of  the  same 
parent  magma  that  had  already  solidified.  These  intrusive  masses 
were  of  all  sizes,  and  some  of  them  may  have  been  for  a  time  sec- 
ondary magmatic  reservoirs  in  which  differentiation  still  went  on 
and  from  which  other  and  smaller  masses  were  irrupted.  In  many  of 
the  intrusive  masses,  some  of  them  fairly  large,  solidification  oc- 
curred before  the  differentiation  was  completed  and  such  masses 
show  a  gradation  from  one  type  of  rock  to  another  within  the  mass. 
In  other  places  such  gradation  seems  to  be  due  to  incomplete  assimi- 
lation of  portions  of  the  country  rock.  Again,  in  some  places  more 
nr  less  movement  occurred  after  partial  differentiation,  resulting  in 
the  formation  of  orthogneisses  and  of  highly  complex  schlieric  mix- 
tures of  two  or  more  sorts  of  rock. 
In  Mr.  La  Forge's  opinion  there  is  no  general  systematic  relation, 
i  her  on  a  large  or  a  small  scale,  between  the  composition  of  the  rocks 
<>f  the  several  types  found  in  the  complex  and  their  structural  posi- 
t  'ii.  except  in  so  far  as  their  composition  may  have  been  affected  by 
a  Mmilation  of  the  invaded  rocks.  Most  of  the  intrusive  masses 
cached  the  places  where  they  solidified  with  virtually  their  present 
rn  position,  and  they  seem  to  have  been  intruded  at  any  place  where 
the  conditions  permitted- 

(  DEPHAM  GRANODIORITE. 

The  Dedham  granodiorite  (or  the  several  types  of  rock  mapped 
u'lder  that  name)  occupies  a  larger  part  of  eastern  Massachusetts 
t^*n  any  other  formation  and  is  more  widely  distributed  than  any 
other  rock  in  the  State  except  the  Triassic  diabase.  Its  occurrences 
range  from  the  shore  of  Massachusetts  Bay  60  miles  westward  into 

[Bowm.  w.  T_,  Tb»  later ttegei  of  tbt  •rotation  of  lgneow  rocki :  Jour.  Otologj.  *ot St, 
•u  VlMWt,  m*. 
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Marlboro  and  from  the  shore  of  Buzzards  Bay  100  miles  northward 
to  and  into  New  Hampshire.  It  is  almost  the  only  hard  rock  outside 
the  Carboniferous  basins  in  Bristol  and  Plymouth  counties,  and  it 
occupies  more  than  half  of  Norfolk  County,  including  nearly  the 
whole  area  between  the  Boston  and  Norfolk  basins  and  between  the 
Norfolk  and  Narragansett  basins.  Several  large  masses  of  it  are  in- 
truded into  the  Algonkian  (  f)  rocks  west  of  the  Boston  Basin,  and  a 
number  of  small  stocks  and  lenses  occur  in  a  belt  extending  from  the 
north  side  of  the  Boston  Basin  across  the  middle  of  Essex  County  to 
Hampton,  N.  H. 

The  rock  is  named  from  its  typical  exposures  about  Dedham.  It 
is  the  biotitic  normal  granite  of  Crosby  and  the  granitite  of  Wood- 
worth.  It  is  quarried  in  a  small  way  at  many  places  for  local  use 
but  has  never  become  a  widely  used  commercial  granite. 

Except  for  the  quartz  veins  and  small  dikes  of  aplite  and  pegma- 
tite that  cut  it.  it  is  the  youngest  of  the  Devonian  ( ? )  igneous  rocks,  and 
is  intruded  into  the  other  rocks  of  the  group,  as  well  as  into  the  pre- 
Devonian  rocks.  It  is  cut  at  several  places  by  dikes  and  stocks  of 
felsite  and  is  overlain  by  the  Carboniferous  sedimentary  and  vol- 
canic rocks,  to  both  of  which  it  has  furnished  much  detrital  material. 
It  is  also  cut  by  three  sets  of  trap  dikes,  and  one  of  these  sets  appears 
to  be  of  late  Devonian  age. 

The  formation  as  mapped  includes  several  lithologic  varieties. 
The  most  abundant  and  typical  variety  is  a  rather  coarse  biotitic 
granodiorite,  composed  essentially  of  microcline,  plagioclase  (gener- 
ally andesine),  quartz,  and  chlorite,  and  commonly  more  or  less 
epidote  and  kaolin.  The  chlorite  and  epidote  are  alteration  prod- 
ucts of  biotite  and  hornblende,  and  in  most  places  the  rock  now  con- 
tains little,  if  any,  recognizable  unaltered  biotite  or  hornblende.  In 
color  the  rock  ranges  from  light  gray  or  greenish  white  to  dark 
greenish  gray,  where  most  of  the  feldspar  is  plagioclase,  and  is  gen- 
erally distinctly  red  where  it  contains  much  microcline.  The  quarts 
is  vitreous  and,  as  a  rule,  greenish  white  or  pale  sea-green.  It  is  to 
much  more  resistant  to  weathering  than  the  other  minerals  of  the 
rock  that  the  grains  of  quartz  *tand  out  on  weathered  surfaces  of  the 
rock  and  give  it  an  appearance  like  the  sole  of  a  hobnailed  boot.  In 
tome  localities  the  rock  is  porphyritic  and  contains  phenocrysts  of 
microcline,  the  largest  2  inches  long.  In  a  few  localities  it  has  a 
somewhat  foliated  or  banded  structure,  probably  secondary,  but  suc^i 
structure  is  rare. 

The  granite  of  Indian  Head  Hill,  east  of  Marlboro,  mapped  a* 
Dedham,  is  a  porphyritic  biotite  granite  with  small  phenocrysts  a 
feldspar  penetrated  by  quartz  in  beautiful  graphic  texture  and  b> 
plugs  of  very  coarse  quartz.  The  microcline  and  albite  are,  aa  a  rulr 
almost  wholly  untwinned  and  are  centrally  dotted  by  many  grain 
of  epidote  and  mica,  and  the  biotite  is  full  of  Bagenitic  rutilt  Tbj 
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rock  also  contains  very  large  crystals  of  titanite.  Trains  of  cavities 
pass  through  several  grains,  and  curious  crystal  aggregates  of  biotite 
slid  muscovite  bristle  out  from  the  plates  of  biotite,  showing  con- 
siderable secondary  change. 

Near  the  former  elec  tric  railroad  terminus  west  of  Maple  Street,  in 
Marlboro,  a  coarse  granite  of  irregular  grain  that  grades  into  a  dark 
biotite  granite  contains  red-brown  garnets  and  oil-green  prisms,  one- 
half  inch  across,  of  cordierite,  mostly  changed  to  felted  muscovite. 

Another  common  phase  is  a  binary  granite,  composed  of  quartz 
and  partly  kaolinized  feldspar,  generally  microcline,  and  in  places  a 
very  little  biotite,  hornblende,  or  chlorite.  In  some  areas  this  rock 
is  pink  or  red,  in  others  gray  or  white.  It  generally  occurs  in  small 
stocks  or  dikes,  but  in  Stoneham  and  in  Rowley  it  forms  masses  a 
mile  or  two  across.  It  grades  on  the  one  hand  into  an  aphanophyric 
granite  porphyry  containing  abundant  phenocrysts  of  quartz,  and 
on  the  other  into  a  hornblende  granite  containing  pink  feldspar. 

A  third  common  variety  that  occurs  abundantly  in  dikes  and  in 
small  intrusive  sheets  and  lenses  is  an  aplite,  generally  light  gray 
or  dirty  cream  color.  It  ranges  in  grain  from  an  aphanitic  rock  to  a 
moderately  coarse  pegmatite.  Very  rarely  the  pegmatite  contains 
miarohtic  cavities,  but  no  rare  minerals  are  reported  as  associated 
with  it.. 

The  summit  of  Arlington  Heights,  northwest  of  Boston,  is  formed 
of  a  mass  of  hornblende  syenite,  which  differs  from  the  typical 
Dedham  granodiorite  in  containing  abundant  hornblende  and  almost 
no  quartz  and  in  possessing  a  notably  different  fabric  Neverthe- 
less, by  increase  of  quartz  and  decrease  of  hornblende,  it  appears  to 
merge  into  a  pink  granite  like  the  binary  granite  described  above 
but  containing  considerable  amounts  of  dark  minerals.  It  is  there- 
fore mapped  as  one  of  the 'phases  of  the  Dedham.  The  syenite  phase 
«!so  occurs  in  a  few  dikes  that  cut  the  more  mafic  rocks. 

In  many  of  the  areas  shown  as  Dedham  grmnodiorite  on  the  aocom- 
P»nymg  map  the  rock  not  only  grades,  on  the  one  hand,  into  binary 
gramto  andaphte  but,  on  the  other  hand,  into  quartz  diorite  and 
onabte  of  the  Newbnryport  type  and  in  places  even  into  diorite.  All 
A  V*T  T  °f  7*  Peatery  mixed  and,  as  a  rule,  without 
4«p  contacts^  thaf  it  is  impossible  to  map  them  separate  y7hen« 
♦hoy  are  grouped  under  one  formation  name.  °?  ;    * V" 

XXWBUXnOKT  QUARTZ  DIOUTSV  .  <■  » 

sidlra'hir^  m,  ^  J?  NeWbW7P°rt  diorite  occupy  .  con- 

'onfbL  I SSL        q"art*  d,ont*8       tonalites  are  by  no  means 
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lost  everywhere  in  the  areas  mapped  as  Salem  gabbro-diorite  and 
.n  nreas  west  southwest,  and  southeast  of  the  Boston  Basin  where 
L;  cons^ut  much  of' the  rock  mapped  as  Dedl ^  £«* « * 

"Xp^*^  ™*  c  a.  N.»b„,vport 

of  rock  being  ph^s  ^^^f  tta  B  Jon  district  .nd 

SfJSS  5? £  2      ,  tn.  T 

it  .re  cot  by  mMy  dikes  of  grunte  Mi  'P»  Ne-buryport 

si^ssi^K^r-  is;   -  -  - — 

on  both  aides  of  the  road. 

SALZM  oAiteso-DioarrB. 

•    i         «f  the  rocks  mapped  as  Salem  gabbro-diorite 
The  principal  area  of  tn«  ™~ It  extendg  northeastward 
is  in  central  and  «outhernE^x  Omrt£  U >  to  the  coast 

totber^^eSwam^ and^w^tward  into  Arlington, 
from  Salem  *  Pj"™1^  '^n  areas  in  Essex  County  are  in 

County.  Uu^  P- 


DEVONIAN  (  ?)  IGNEOUS  ROCKS. 


179 


and  Plymouth  counties  a  number  of  masses  of  diorite,  some  of  them 
of  considerable  size,  are  inclosed  in  the  Dedham  granodiorite.  Be- 
sides the  areas  mapped  as  Salem,  small  masses  of  diorite  are  found 
at  many  places  among  the  rocks  mapped  as  Dedham  and  Newburv- 
port,  but.  as  explained  above,  these  grade  into  the  surrounding  rocks 
in  intricate  fashion  and  can  not  well  be  mapped  separately. 

The  Salem  includes  several  types  of  rock.  The  most  character- 
ise and  most  widely  distributed  is  a  rock  containing  quartz,  labra- 
donte,  hornblende,  augite,  and  biotite.  to  which  it  is  difficult  to  give  a 
name;  it  might  be  called  a  quartz-augite  diorite,  a  quartz-hornblende 
gabbro,  or  an  augite-hornblende  tonalite,  or  better  still,  a  quartz  gab- 
bro-diorite  It  is  composed  essentially  of  the  minerals  named,  gen- 
erally w,th  accessory  apatite,  magnetite,  and  ihnenite  or  titanite, 
and  commonly  with  more  or  less  secondary  chlorite  and  epidote.  It 
is  a  medium-grained  dark-gray  granular  rock,  ranging  to  light  gray 
with  increase  of  quartz  and  feldspar  and  to  greenish  and  brownish 
tones  where  considerably  weathered.  In  a  very  few  places  it  is 
porphyritic  and  contains  large  phenocrysts  of  microcline,  and  grades 
into  the  porphyritic  granite  described  above.  At  some  places  it  is 
gneissoid  or  foliated. 

It  grades  on  the  one  hand  into  quartz  diorite  and  granodiorite  and 
on  the  other  into  hornblende  diorite  and  amphibolite.  The  gabbro- 
diorite  about  Salem  differs  from  place  to  place  in  coarseness,  color, 
and  composition,  but  everywhere  contains  alkalic  feldspar,  ranging 
from  oligoclase  to  calcic  labradorite,  and  either  augite,  diopside,  or 
diallage,  and  in  many  places  quartz,  green  or  brown  hornblende,  and 
l>iotite. 

The  diorite  of  Cohasset,  as  described  by  Crosby1  and  by  White,* 
is  a  dark  ophitic  to  fine-grained  rock  composed  of  hornblende  ana 
plagioclase,  Some  of  it  contains  a  little- quartz  and  it  is  commonly 
chloritic  and  epidotic  by  alteration.  It  is  cut  most  intricately  by 
three  granites— an  abundant  dark  hornblende  granite,  a  light-gray 
or  pinkish  coarse  quartzoee  biotite  granite  containing  little  or  no 
hornblende,  and  a  fine-grained  granite  grading  through  microgranite 
to  rebate.  Crosby  regards  the  larger  patches  of  diorite  as  true  erosion 
remnants  of  a  once  continuous  sheet  that  covered  the  granite,  and  he 
regards  most  of  the  smaller  patches  as  inclusions  in  the  granite. 
Some  of  the  smaller  patches,  of  rounded  outline,  he  regards  as  segre- 
gations in  the  granite,  as  he  states  that  they  are  surrounded  by  light- 
colored  zones  from  which  the  iron-bearing  compounds  have  migrated 
to  the  dark  rock. 

Another  common  type  of  the  diorite  is  s  dense,  fine-grained,  almost 
aphanitic,  dark  gray  to  black  rock  composed  essentially  of  labradorite 

'  S1***"  W"  °-        81     Hm»  :  Borta.  Roc  N»t  HUt  OccmIod*]  Pxpm  IV. 

p«-  ».  p.  Mg  i»m.  »  *5*5  ^^^iJT?- 
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ami  hornblende,  with  accessory  pyrite,  magnetite,  ilmenite,  or  titanite, 
and  not  uncommonly  augite.  At  many  places  the  hornblende  is  so 
abundant  that  the  rock  is  schistose  and  becomes  an  amphibolite,  at 
others  the  hornblende  is  in  conspicuous  shining  crystals  and  the  rock 
may  be  classed  as  camptonite.  In  places  this  black  rock  is  spotted 
with  what  appear  to  be  phenocrysts  and  round  bunches  of  pink 
feldspar,  the  largest  half  an  inch  in  diameter.  These  are  generally 
oligoclase  or  andesine  or  both,  and  are  probably  secondary,  and  due 
to  impregnation  of  the  rock  by  heated  solutions  from  near-by  dikes 
of  granite. 

This  dark  rock  grades  into  the  more  typical  diorite  in  some  areas 
through  a  phase  that  has  the  composition  of  a  homblendic  diabase 
and  has  even  the  typical  diabasic  texture,  with  automorphic  feld- 
spars, but  which  occurs  in  large,  irregular  masses,  some  of  them  with- 
out definite  boundaries,  instead  of  in  dikes.  Another  striking  phase 
of  the  diorite.  which  is  associated  with  and  grades  into  the  Dedham 
granodiorite  and  the  New  bury  port  quartz  diorite  in  the  areas  assigned 
to  those  formations,  is  a  medium-grained  to  fine-grained,  almost 
felsitic-looking  rock  of  an  olive-brown  or  tan-brown  color.  It  con- 
tains all  the  ordinary  minerals  of  the  quartz  diorite  except  quarts, 
but  it  is  as  a  rule  much  more  altered,  the  dark  minerals  having  almost 
wholly  gone  over  into  chlorite  and  epidote.  The  rock  seems  to  be 
intermediate  in  composition  between  diorite  and  anorthosite  or  highly 
f  eldspathic  gabbro. 

A  hornblendic  gabbro  or  hyperitic  diorite  occurs  in  the  aoutliwest 
part  of  Salem  Neck.  It  is  a  dark,  ophitic  rock,  almost  subsilicic,  and 
contains  labradorite,  pyroxene,  olivine,  and  magnetite,  with  acces- 
sory biotite  and  a  brown  hornblende  near  barkevikite,  in  zonal  growth 
about  the  other  ferromagnesian  minerals.  * 

The  chemical  composition  of  some  varieties  of  the  diorite  is  given 
below. 

Chemical  eompotUUjm  o/  Salem  p»bbrv~4iorU*. 
"H  S  WafclBfUa,  nalpL) 
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A  striking  feature  of  all  the  phases  of  the  Salem  gabbro-diorite  is 
the  extent  to  which  they  have  been  invaded  by  the  more  felsic  rocks  of 
the  complex.  Scarcely  an  outcrop  of  the  diorite  can  be  found  that  is 
not  cut  by  dikes  of  tonalite,  granite,  or  aplite,  or  even  of  all  three. 
Several  large  areas  of  the  diorite  are  so  thoroughly  cut  up  by  dikes 
of  the  younger  types  that  they  constitute  a  plutonic  breccia.  One 
such  area  in  Swampscott  shows  a  complete  gradation  from  diorite, 
with  granite  dikes  here  and  there,  through  a  rock  in  which  the  diorite 
and  granite  are  about  equal  in  bulk,  to  granite  with  blocks  of  diorite 
here  and  there.   At  many  other  places  the  rock  can  not  properly  be 
mapped  as  either  diorite  or  granite,  for  it  is  a  complex  breccia  made 
up  of  diorite  and  granite  and  at  many  places  includes  also  tonalite 
and  aplite. 

Again,  the  granite,  granodiorite,  and  more  quartzose  phases  of  the 
quartz  diorite  contain  many  isolated  masses  of  dioritic  rocks,  some 
angular  and  others  rounded,  some  with  perfectly  sharp  contact  sur- 
faces agamst  which  the  inclosing  rock  appears  to  have  been  slightly 
chilled,  and  others  with  smeared  contacts  or  merging  gradually  into 
the  surrounding  rocks.  Some  of  these  are  undoubtedly  inclusions  of 
older  rocks  of  the  complex,  others  are,  as  Crosby  suggested  sera™ 
bona,  but  the  two  kinds  can  not  everywhere  be  distinguished  by  the 

5?  Wkh  **  *******  rock^  «or  some  un- 

doubted segregations  have  sharp  contacts  and  some  undoubted  inclu- 

ZZ^ZZZT*1'  aarimilftted  int°  the  M^  rock  and  have 
Still  other  elongate  and  more  or  less  irregular  masses  of  diorite  in 
tlu^l™  ^'T*     ^-reTTany  of  the*  h^SS 
c^tacUon  one  «ude  and  merge  gradually  into  the  granite  on  Z 

*ocx8  MmrmiT  bkpebbed  to  the  devonian  (p)  iohbous 

COMPLEX. 

tjiZZ^lZ^  m**7.?  ignW>°8  Chi'*y  °*  mafic 
Rh^e'd.Td  Si  ^  S,  therC  tnm  EMM  CoUnt*  ^ northeastern 
mSTki i    #  tL         geol°^lst8  reP»^  »  P»rt  or  all  of  these  rWaa 

complex  »  not  diepLyed  tnd  those  of  otheri  «re  oUcui*^ 

GABBHO  AT  N  AHA  XT.     ?:,  ?  *' 

Hie  peninsula  of  Nuhtint.  consists  of  Hev*>r»l  I..  _ 
«^cted  by  beaches  and  aUuvial  depoeT  ^  Xf. 
••t.longbMcl,  Aside  from  th ^amaU^^r  ^ 
threa  places  the  rock  la  !   u  of  Cwnbnan  atrate  la 
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of  saussuritic  labradorite  (Ab.An.),  black  augite,  and 
maimetite.  It  was  described  by  Lane «  as  a  coarsely  granular  diabase 
texture,  by  Sears'  as  granitic  hypersthene  diabase  or 
iST^SS-}  who  found  no  hypersthene  in  it,  as  gabbro 
and  by  Clapp'  as  gabbro,  but  he  states  that  it  includes  a  syeniUc 
p^ith^cro^thU,  feldspar  ai^  basaltic  ornbU^ 

It  Wer  Cambrian  strata  and  diabase  dikes  are  found  onNahanL 

eludes  as  fust  mentioned,  a  syenitic  phase  with  a  niicroperthit.c 
Sar  includes  it  in  the  early  Carboniferous  volcanic  rocks,  which 
are  caUe^  by  him  Lynn  volcanics  but  are  here  mapped  as  part  of 
the  Mattapan  volcanic  complex. 

Th  gabbro  is  cut  by  scores  of  trap  dikes,  of  ™»1 
secting  sets  each  with  a  characteristic  trend  and  dip.  These  dikes 
otiS  of  several  types  of  rock,  though  mainly  of  diabases  and  dia- 
bastlrph^ries,  andthey  undoubtedly  represent  several  periods  of 
in^u^on  Cla^p  regards  some  of  them  as  apophyses  of  a  mafic 
dX^ndate  uZ  the  magma  that  also  furnished  the  volcanic  rock* 
imposition  of  the  gabbro  is  shown  by  the  following  result 
of  an  analysis  by  H.  S.  Washington : 

Chemical  compoMtion  of  gabbro  {heuoee)  !™~  Xah~4.  . 
8.  Waahlngton,  analrat.1 
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BHABON  SYBNITB, 

A  bold  range  of  hills  extending  from  Canton  Junction  southwest, 
watl  to  North  Foxboro  and  bordering  the  Norfolk  Besin  on  the 
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southeast  is  formed  chiefly  of  dark  mafic  rocks  that  range  in  compo- 
sition from  augite-hornblende  syenite  through  diorite  to  gabbro. 
Their  principal  development  is  in  Sharon,  from  which  town  the 
formation  is  named.  The  rocks  appear  to  be.  as  a  whole,  much  more 
resistant  than  the  other  rocks  of  that  district  and  form  high  hills, 
among  them  Moose  Hill  in  Sharon,  the  highest  summit  in  south- 
eastern Massachusetts.  A  series  of  disconnected  bosses  of  rocks  of 
the  same  type  extends  farther  Bouthwestward  to  Wrentham  and 
possibly  recurs  in  Iron  Mine  Hill,  in  Cumberland,  R.  L 

These  rooks  have  not  been  studied  as  a  whole,  though  they  have 
been  examined  in  some  detail  in  one  or  two  localities.  Woodworth,1 
who  seems  to  have  been  the  first  to  call  attention  to  them,  quotes 
details  concerning  them  from  reports  of  advanced  students  working 
under  his  direction.  The  gabbro  of  the  mass  in  Cumberland,  R.  I., 
has  been  studied  by  Warren  and  Powers,  who  allude  briefly  to  the 
work  of  students  in  the  region  northeast  of  Cumberland.*  Little 
seems  to  be  known  of  the  syenite  and  diorite  beyond  the  fact  of  their 
existence.  The  gabbro  is  a  medium-grained  to  coarse-grained  green- 
ish to  brownish  rock  consisting  originally  of  plagioclase,  augite, 
ilmenite,  magnetite,  and  apatite,  but  now  containing  considerable 
hornblende,  biotite,  chlorite,  epidote,  zoisite.  and  leucoxene.  The 
feldspars  have  been  very  generally  saussuritized. 

The  chemical  composition  of  the  gabbro  phase  of  the  rock  as  it 
occurs  at  Cumberland  is  shown  in  the  following  result  of  an  analysis 
given  by  Warren.* 

Chemical  composition  of  gabbro  (hestote)  from  Cumberland,  R.  I. 
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There  is  a  wide  difference  of  opinion  regarding  the  age  of  these 
rocks.  Woodworth  expresses  no  opinion  except  that  they  are  p re- 
Carboniferous.  Emerson  and  Perry  *  call  them  post-Cambrian  and 
p re-Carboniferous.  Warren  and  Powers  class  them  as  pro-Cam- 
brian. On  the  other  hand,  the  statement  of  Finlay  and  Richmond, 
quoted  by  Woodworth,*  that  granite  is  invaded  by  diorite  south  of 

1  Woodworth,  J.  B-.  V.  8.  Geo!.  Surrey  Mon.  88,  p.  118,  1899. 

■Warren,  C.  n„  and  Power*,  Sidney,  Otology  of  the  Diamond  H til-Cumberland  district 
In  Bbode  laland-Mastachnaetts :  Geol.  Roc.  America  Bun,  roL  20,  pp.  448-480,  1814. 

•  Warren,  C.  H.,  Am.  Jonr.  Bel.,  4th  »er.,  to).  26,  p.  468,  1808. 

♦  V.  a  Oeel.  Stirrer  Bull.  811,  p.  48,  180T. 
•Op.  clt,  p.  na 
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Canton  Junction,  seems  to  imply  a  post-Dedham  age  for  the  diorite, 
though  this  is  probably  the  only  place  in  eastern  Massachusetts  at 
which  diorite  is  reported  to  cut  granite.  In  view  of  this  difference 
of  opinion  it  seems  impossible  to  assign  a  definite  age  to  these  rocks 
until  their  relations  have  been  worked  out  in  detail. 

CUMBEKLA  NDITE. 

Iron  Mine  Hill,  a  prominent  elevation  in  Cumberland,  R.  I.,  is 
formed  by  a  boss  of  interesting  and  exceptional  igneous  rock.  It  is 
a  dikelike  mass  about  14200  feet  long  and  600  feet  wide.  The  rock 
looks  like  a  magnetite  containing  scattered  white  feldspar  crystals 
and  has  been  quarried  as  an  iron  ore.  It  consists  of  olivine,  hyalo- 
siderite,  magnetite,  ilmenite,  labradorite,  and  a  little  spinel  and 
garnet  It  was  described  in  detail  by  Wadsworth 1  as  a  "terrestrial 
pallasite,"  a  rock  possessing  the  texture  of  an  iron-olivine  meteorite, 
and  as  "  composed  of  a  spongiform  mass  of  titaniferous  magnetite 
containing  abundant  olivine  and  more  or  less  feldspar;  a  dark  resin- 
ous crystalline  splintery  and  compact  mass,  holding  porphyritically 
inclosed  feldspar."  He  expresses  the  belief  that  the  matrix,  which 
at  the  surface  is  magnetite,  will  be  found  to  pass  with  increase  of 
depth  into  unoxidized  metallic  iron. 

The  rock  is  unique  and  easily  recognized  in  bowlders,  and  Shale r  ■ 
has  traced  a  bowlder  train  from  the  hill  southeastward  to  Marthas 
Vineyard. 

The  history,  geology,  petrography,  and  mineralogy  of  Iron  Mine 
Hill  have  been  described  in  detail  by  Johnson  and  Warren.* 

This  rock,  which  has  been  called  cumberlandite,  contains,  in  un- 
usual amount,  inclusions  of  an  ilmenite- bearing  gabbro  that  is  ex- 
posed just  west  of  the  hilL  It  also  apparently  cuts  pre-Cambrian  (  !) 
rocks  and  was  crushed  by  the  Carboniferous  folding,  and  it  may  be 
a  part  of  the  range  of  gabbro  and  syenite  hills  described  above. 

The  rock  alters  to  a  subfibrous  plumose  chlorite,  which  changes 
farther  into  a  matted,  foliated  clinochlore,  easily  mistaken  for  ser- 
pentine. Then  comes  the  change  to  actinolite,  and  at  last  the  acti no- 
lite  and  remaining  olivine  change  to  serpentine.4  As  a  result  of  this 
alteration  small  veins  an  inch  or  less  thick,  which 'cot  the  altered 
rock,  consist  of  actinolite,  clinochlore,  or,  strangely,  of  secondary 
olivine  and  hortonolite,  as  discovered  hy  Palaehe.' 

.  *~wa4av*rtt.  v..  a,  BArruC  OA  Mac  Camp.  ZML  BuiL.  voL  T,  p.  188,  l&si :  dm 
HArrutf  Coll.  Ma*.  Coop.  ZmL  M*a,  t*L  11,  p.  75.  18*4. 
•Stakr.  M.  8,  Harnrd  Coll.  Mam.  Cop.  tool.  Bull..  reL  11  y.  18&,  lftfcX  . 

•  JokMM,  B.  I.,  ud  Warn*.  C  P_  Am.  J  oar.  ScL.  «tb  wmm  toL  si.  p.  l,  lSOt. 

•  Mots.**,  -\  :<?.•,  ».    r  i      ■  i  -  .•«• 
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CARBONIFEROUS    IGNEOUS  ROCKS  OF  EASTERN 
MASSACHUSETTS  AND  RHODE  ISLAND. 

GENERAL  CHARACTER. 

After  the  irruption  of  the  Devonian  (?)  igneous  rocks  there  was 
a  long  period  of  quiescence  and  erosion,  during  which  the  region 
was  so  greatly  denuded  that  large  areas  of  those  rocks  were  exposed 
at  the  surface  and  deeply  weathered.  Early  in  Carboniferous  time, 
as  nearly  as  has  been  determined,  another  period  of  eruptive  activity 
began  and  lasted,  in  one  form  or  another,  until  after  the  close  of 
the  deposition  of  the  Carboniferous  strata.  Most  of  the  rocks  of 
this  eruptive  group  are  more  alkalic  than  the  other  igneous  rocks  of 
the  State,  being  especially  rich  in  sodium,  which  is  contained  in  the 
sodic  minerals  albite,  riebeckite,  segirite,  nephelite,  glaucophane,  and 
arfvedsonite. 

The  rocks  of  this  eruptive  group  include  volcanic  as  well  as 
plutonic  rocks.  The  volcanic  rocks  occur  in  surface  flows,  intrusive 
sheets,  dikes,  and  small  stocks,  and  are  accompanied  by  tuffs,  agglom- 
erates, and  flow  breccias.  They  arc  in  part  older  than  the  Carbonif- 
erous strata  and  in  part  interbedded  with  them.  The  plutonic  rocks 
occur  both  in  large  batholithic  masses  and  in  small  stocks  and  dikes. 

Although  thus  occurring  in  a  greater  variety  of  structural  forms, 
the  Carboniferous  igneous  rocks  do  not  display  so  wide  a  range  in 
lithologic  character  or  so  great  structural  complexity  as  those  of 
Devonian  (!)  age.  The  plutonic  rocks,  in  particular,  consist  largely 
of  granite,  with  which  are  associated  syenitic  rocks  of  several  varie- 
ties. The  volcanic  rocks,  however,  comprise  types  ranging  from 
rhyolite  to  basalt,  and  the  close  of  the  eruptive  period  was  marked 
by  the  intrusion  of  dikes  of  diabase,  camptonite,  and  similar  rocks. 

The  rocks  of  this  group  occupy  a  number  of  disconnected  areas 
extending  from  Cape  Ann  southwestward  to  East  Greenwich,  B.  I. 
They  are  most  extensively  developed  in  eastern  Essex  County,  in  the 
Boston  district,  and  in  northeastern  Rhode  Island,  but  they  also 
occur  in  several  smaller  masses  scattered  throughout  their  range.  In 
the  Boston  district  they  occupy  large  areas  north,  west,  and  south 
of  the  Boston  Basin,  and  they  presumably  form  the  floor  upon  which 
a  considerable  part  of  the  sedimentary  rocks  of  the  basin  was  depos- 
ited. Except  a  few  nephelite-bearing  and  similar  dikes,  which  may 
or  may  not  belong  in  this  eruptive  group,  no  rocks  of  the  group  are 
exposed  west  and  northwest  of  a  line  drawn  through  East  Greenwich 
and  Woonsocket,  B*  L,  and  Framingham,  Waltham,  Beading,  Tops- 
field,  and  Ipswich,  Mass. 

The  age  of  these  rocks  is  fixed  with  a  fair  degree  of  certainty  as 
Carboniferous  and,  on  the  whole,  early  Carbon? ferotu.  Tha  plu- 
tonic  rocks  and  intrusive  fehutes  are  intruded  into  the  rock*  of  the 
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Devonian  (!)  igneous  complex,  and  the  volcanic  rocks  rest  upon  and 
include  many  fragments  of  the  rocks  of  that  complex.  On  the  other 
hand,  the  plutonic  rocks  and  the  older  part  of  the  volcanic  rocks 
are  at  some  places  overlain  by  the  Carboniferous  sedimentary  rocks 
with  which  the  later  volcanic  rocks  are  interbedded.  As  the  basal 
Carboniferous  sediments  are  as  old  as  basal  Pennsylvanian  or  older 
the  plutonic  rocks  and  part  of  the  volcanic  rocks  are  probablv  of 
Mississippi  age  and  the  rest  of  Pennsylvanian  age.  The  Carbon- 
iferous trap  dikes,  however,  cut  the  youngest  Carboniferous  strata 
but  were  deformed  with  them,  and  are  therefore  classed  as  late 
l  ennsylvanian  or  somewhat  younger. 

QUTNCT  GRANITE  AND  ASSOCIATED  ROCKS. 
GENERAL  CHARACTER. 

The  plutonic  igneous  rocks  of  Carboniferous  age  in  eastern  Massa- 
chusetts, which  include  much  the  greater  part  of  the  Carboniferous 
igneous  rocks,  consist  chiefly  of  alkalic  granite,  with  which  are  asso- 
ciated porphyries  and  syenitic  rocks  of  similar  composition,  all  ap- 
parently phases  of  or  differentiated  from  one  parent  magma.  Other 
rocks  associated  with  the  syenite  are  regarded  as  hvbrids  formed  bv 
the  absorption  into  the  syenitic  magma  of  portions  of  the  rock  in- 
vaded by  it 

Because  of  their  alkalic  composition,  the  rather  unusual  minerals 
they  contain,  the  rare  types  of  rock  they  include  at  a  few  places,  and 
the  interesting  comagmatic  relations  of  the  whole  series,  these  rocks 
have  received  much  attention  from  geologists  and  petrologists,  and 
the  literature  relating  to  them  is  fairly  voluminous.  The  rocks  in 
Essex  County  have  in  recent  years  been  studied  and  described  by 
Washington,1  Sears,*  and  Clapp,»  those  in  the  Boston  district  bV 
White,*  Crosby,4  Loughlin,*  and  Warren/  and  those  in  the  Bhode 
Island  areas  by  Emerson  and  Perry*  and  by  Warren  and  Powers.* 
The  economic  aspects  of  the  granite  have  been  fully  treated  by  Dale.1* 


»  Waahlngton,  R  8.,  Tb«  pKrograpblcal  prorluc*  of  Essex  Coonty.  Mass. :  Jour.  Oeotoo 
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A  few  of  the  smaHer  ^  have  not  yet  been  investigate,  and  de- 
"t^tc^  and  in  the 
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display  an  arrangement  in  concentric  shells  or  zones,  of  which  the 
outermost  was  the  first  and  the  central  mass  the  last  to  solidify.  The 
central  mass  of  normal,  moderately  coarse-grained  granite  is  sur- 
rounded by  a  shell  of  granite  porphyry,  which  in  places  grades  into 
a  more  mafic  porphyritic  phase  and  in  others  is  replaced  by  a  fine 
granite  contact  zone.   The  stock  as  a  whole  must  have  cooled  very 
near  the  surface  of  the  earth,  and  some  geologists  are  inclined  to 
believe  that  a  part  of  the  magma  reached  the  surface  and  was  poured 
out  upon  ,t  or  was  cooled  as  a  surface  cover  of  the  main  stock,  in 
other  case  forming  the  aporhyolite  which  is  apparently  peripheral 
to  the  granite  porphyry. 

Lithdogic  claracierr-TU  normal  Quincy  granite  is  a  moderately 
coarse-grained  rock  composed  of  dominant  quartz,  feldspar,  and  horn- 
blende and  accessory  sprite,  zircon,  titanite,  and  ores.  At  some 
Places,  especially  near  the  granite  porphyry  zone,  the  feldspars  have 
partly  automorphic  outlines  and  the  rock  is  obscurely  porphyritic 
The  fresh  rock,  which  takes  a  high  polish,  is  prevailingly  gray,  but 
has  sc. .tiered  darker  streaks  and  cloudy  masses,  due  to  abundant  dark 

Z7rl^V^  fC,dSPa/  CrySta,S"    At  °ther  the  ™*  &  P-k 

M ,  or  reddish  from  surface  oxidation,  greenish  from  alteration  along 
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dark  anfi  cm r\ \s~-n  7?..  awnte.  i  ne  quartz,  in  clear  and  glassy, 
dark  and  smoky,  or  blnish  and  opalescent  grains,  is  purely  anh*dr*l 
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County  localities  are  lepidomelane  (aniiite),  cryophyllite,  danahte, 
allanitc.  fluorite,  and  apatite,  besides  the  common  zircon  and  ores. 

The  fine  granite  of  the  zone,  which  holders  the  normal  granite  in 
some  places,  especially  near  the  contacts  with  the  Cambrian  slates,  is 
a  prevailingly  light-gray,  fine-grained,  slightly  porphyritic  rock  con- 
taining all  the  minerals  of  the  normal  granite  except  astrophyllite. 
It  displays  sparselv  distributed  phenoerysts  of  feldspar,  a  few  of 
quartz  in  some  places,  and  abundant  small,  black  hornblende  needles. 
In  some  places  where  the  feldspar  crystals  are  more  abundant  the 
rock  is  more  distinctly  porphyritic  and  may  grade  into  that  of  the 
granite  porphvrv  zone  surrounding  the  central  granite. 

Seen  in  thin  sVction.  the  rock  is  made  up  of  dominant  microchne- 
albite  microperthite,  quartz,  and  riebeckite,  accessory  zircon,  magnet- 
ite, ilmenite.  titanite,  fluorite.  and  calcite,  and  in  the  altered  surface 
layers  secondary  biotite,  chlorite,  and  limonite.  In  some  localities 
the  rock  also  contains  aegirite,  jenigmatite,  and  a  green  alkalic 
pyroxene,  as  well  as  more  abundant  fluorite. 

"A  fine  granite  of  the  same  general  nature  is  associated  with  the 
Quincy  granite  of  the  Cape  Ann  and  Beverly  area,  where,  however, 
*  it  appears  to  occur  as  dikes  and  segregations  in  the  normal  granite 
instead  of  as  a  contact  zone.  Similar  rocks  occur  abundantly  in  the 
Rhode  Island  areas,  where  their  texture  is  microgranitic  m  places 
and  micrograph  ic  in  others. 

PegmatUe.-4>ne  small  dike  and  three  pipelike  masses  of  pegma- 
tite have  been  found  in  the  granite  of  the  Quincy  and  Blue  Hills  area. 
The  pipes,  which  have  been  exposed  in  the  quarries  on  North  Com- 
mon Hill  in  Quincy,  reach  a  diameter  of  10  feet  in  places  and  extend 
downward  to  an  unknown  depth.  They  have  a  conwntnc  structure, 
and  in  the  center  there  are  irregular  pockets  of  beautiful  fibrous, 
loosely  felted  masses  of  blue  crocidolite  (riebeckite)  and  sjgmte,  con- 
taining fragments  of  the  wall  rock,  quart*  crystals,  purple  fluorite, 
aircon,  ilmenite,  galenite,  sphalerite,  and  the  rare  mmerals  beckehte 
and  parisite.1   The  whole  is  of  pneumatolytic  ongin. 

Cognate  aWttfc.-Certain  patches  of  different  texture  and  gen- 
erally of  darker  color  than  the  surrounding  rock  are  abundant  in  the 
normal  granite  and  its  porphyritic  phase  in  places  immediately  be- 
neath the  granite  porphyry  and  in  the  granite  porphyry  near  the 
deeper  contacts.  They  are  undoubtedly  derived  from  the  magma 
by  *>me  process  of  differentiation  and  are  thought  to  be  chiefly 
fragments,  more  or  less  modified,  of  the  peripheral  rones  sunken 
into  the  consolidating  magma  beneath.  They  are  therefore  called,  in 
accordance  with  Harked '  suggestion,  cognate  xenohtha.  They  are 

lw-_n,  C  H,  and  Pal.che.  CbarJe..  The  petrmatlte.  of  tb.  : 'M^ta£*!tt!< 
cf  5~££ V  S.  A.:  .air  tractor,,  .laera*.  ua  orl*. .  IM.  A—.  Art.  wd 
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especially  abundant  in  the  granite,  where  they  are  of  well-nigh  uni- 
versal occurrence.  They  contain  essentially  the  same  minerals  as  the 
rocks  of  which  they  are  thought  to  be  fragments. 

Chemical  character.— The  chemical  character  of  the  several  varie- 
ties of  Quincy  granite  is  shown  by  the  following  tabulated  results  of 
analyses  of  samples  of  the  granite  from  the  Quincy,  Cape  Ann,  and 
Rhode  Island  areas: 


Chemical  composition  of  Qnimy  granite. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

sin,  

no,  

78.08 
.20 
.20 

11.57 
2.25 
.03 

""Si 
.41 
4.21 
4.82 

75.58 
.22 
.20 

11.17 
1.71 
1.28 
-ui 
.04 
.49 

'4.03 

4.68 

73.  S3 
.18 
.20 
12.09 
2. 91 
1.55 
Trace. 
.04 
.31 
4.68 
4.63 

74.88 
.20 
.20 
11.61 
2.29 
1.25 
JO. 
.04 
.41 
4.30 
4.64 

72.97 
.30 
.20 
12.13 
2.77 
1.09 
Trace. 
.20 
.74 
4.61 
4.79 

77.61 
.25 

71.41 
.38 
.10 
12.74 
1.7S 
2.33 
.M_ 
.08 
.85 
4.59 
5.00 
.00 
.56 
.10 
.22 

76.81 

74.  .'2 

ZrO,  

AW  

r*o  

IfnO  

"ii'.ii' 

.55 
.87 
Trace. 
Trace. 
.31 
3.80 
4.98 

*i6.57' 
.00 
3.74 

* 

.32 
3.43 
8.30 
.00 
.00 
.25 

"16.67 
3.74 
2.81 

.88 
3.88 
3.46 
.00 
.07 
.86 

Hro  

co  

Na-O  

K-O  

LhO  

H/>  OVIuw  1MTC.)  

"".oi" 

.11 

Trace. 

......... 

.34 
Trace. 

.is' 

.31 
Trace. 

"".io" 

.35 
.20 

Trace. 
.23 

H.O  (ahorelto*  C.)  

....... 

Trace. 

'  99.76 

N  *7 

100.91 

100. 18 

100.45 

100.54 

100.19 

100.59 

100.48 

^  VediumgrajiTTOtoajjwwK  Hitchcock  quarry,  North  Common  Hill,  Quincy,  Mas..  C.H.  Warren, 

«i^CdHk^IrriXi2«SS!):  R"nh<Jt<r  qU"TT'  Wwt  (iutac*-  Mass  >  from  about  300  (eet  below 
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H*teA»J  At£  A^^aA'  *5£^t£  P^iT^  ?*  <-  <W«T  Bb. 

T^^TO,vm.Mb^m' H  6 "       V^fnP^I  Provrnce  of  Essex  County, Ma*..:  Jour.  Geology. 

Aaalyab  7  in  Warren,  CB%  op.  en.,  p.  «7. 

-J^Silw  2t*S£l*,ZZ!P!?'iPJLf  ?Pd  p"tf  -  H.,  The  green  aohttaa  nd  aaodated  granites  and 
perpnyrfe.  °>  Bbode  Mail,  U. 8.  Geol.  Survey  Bull. 311, p.  66  1907  ^ 


BLUR  HJXL  GRANITE  PORPHTRT. 


Occurrence.— All  the  higher  hills  of  the  Blue  Hills  range,  as  far 
east  as  Pine  Hill,  in  Quincy,  and  their  southern  slopes,  down  to  the 
margin  of  the  Carboniferous  Norfolk  Basin,  are  formed  by  a 
granite  porphyry  that  is  regarded  as  the  peripheral  zone  or  shell  of 
the  Quincy  granite  stock-  The  porphyry  overlies  the  main  mass 
of  the  granite,  into  which  it  grades  in  places,  although  in  other 
places  it  is  separated  from  the  porphyritic  phase  of  the  granite  by 
a  fairly  abrupt  change  in  character.  The  porphyry  is  believed  to 
have  originally  covered  the  whole  stock  and  to  have  been  eroded 
from  the  northern  part  of  the  area  after  faulting  and  tilting  by 
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which  that  part  was  raised  more  than  the  southern  part.  Its  thick- 
ness ranges  from  only  a  few  feet  on  Pine  Hill  to  perhaps  200  feet 
on  Rattlesnake  Hill.  It  displays  several  intergrading  phases  in 
different  parts  of  the  field,  and  under  different  relations  to  the  sur- 
rounding rocks.  The  two  principal  phases  are  the  ordinary  type 
and  the  rhombenporpbyry. 

Ordinary  type. — The  most  abundant  and  widely  distributed  type 
of  the  porphyry  is  holocrystalline  and  granophyric  and  ranges  in 
texture  from  a  rock  resembling  rather  fine  grained,  slightly  por- 
phyritic  granite  (for  which  it  is  easily  mistaken)  to  a  dense,  almost 
aphanophyric  rock  with  phenocrysts  of  quartz  and  alkalic  feldspar. 
In  places  feldspar  is  subordinate  and  the  phenocrysts  arc  almost  all 
quartz,  in  abundant  small  grains,  and  in  other  places  the  rock  con- 
tains only  a  few  small  phenocrysts  and  is  almost  aphanitic.  Here 
and  there  the  porphyry  is  brecciated  or  displays  a  distinct  flow 
structure. 

Seen  in  thin  section  the  normal  light  greenish-gray  porphyry 
consists  of  phenocrysts  of  feldspar  and  quartz  and  small  colored 
areas  of  hornblende  and  pyroxene  in  a  groundmass  of  microper- 
thite,  quartz,  hornblende,  and  tegirite,  and  accessory  tenigmatite, 
magnetite,  hematite,  zircon,  fluorite,  and.  in  places,  calcite  and 
astrophyllite.  The  feldspar  phenocrysts  are  chiefly  cryptoperthite, 
but  many  are  partly  replaced  by  albite.  Most  of  them  contain 
abundant  minute  needles  of  regirite.  The  hornblende  is  in  pari 
riebeckite  and  in  part  probably  kataphorite,  and  a  part  of  the 
tegirite  seems  to  grade  toward  augite.  In  the  normal  granite 
porphyry  the  feldspar  phenocrysts  constitute  about  40  per  cent,  the 
quartz  phenocrysts  about  12  per  cent,  and  the  groundmass  about  48 
per  cent  of  the  bulk  of  the  rock.  The  several  phases  in  which  the 
porphyry  occurs,  especially  near  contacts,  contain  substantially  the 
same  minerals  (which  are  also  those  of  the  Quincy  granite),  and  the 
differences  between  them  are  in  texture  and  in  the  amount  and  de- 
velopment of  the  minerals. 

Rhombenporphyry. — A  characteristic  marginal  differentiate  of 
the  Bine  Hill  porphyry  is  developed  in  places  against  the  deeper 
infolded  masses  of  Cambrian  slate  and  the  deeper  parts  of  the 
aporhyolite.  It  is  the  "basic  porphyry''  of  Crosby.  It  is  limited 
in  its  occurrence  to  the  Pine  HID  ares  in  Quincy  and  the  Pine  Tree 
Brook  area  in  the  Blue  Hills  Reservation  and  to  some  of  the  cognate 
xenoliths  included  in  the  other  rock*.  '  -  .'x  ' 

The  rock  ranges  in  phase  from  those  with  a  few  white  or  grayf  i  i 
feldspar  phenocrysts  in  s  black  or  dark-greenish  fine-grar^l 
groundmass  to  profusely  porphyritic  phases  in  which  the  grr  [,«'. 
mass  is  almost  indistinguishable,  and  the  rock  appears  u  «•  * 
syenite.   The  phenocrysts  characteristically  have  gently  curved 
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sides  and  acute  terminations  and  resulting  rhombic  outlines,  and  a 
tendency  to  be  paired  or  grouped. 

Under  the  microscope  the  rock  is  seen  to  be  made  up  of  dominant 
feldspar  (either  soda-orthoclase,  cryptoperthite,  or  microperthite) 
and  augite,  accessory  quartz,  apatite,  and  magnetite  or  ilmenite, 
and  a  number  of  secondary  minerals.  The  feldspar  phenocrysts  are 
zonal  and  are  more  perthitic  at  their  borders,  where  they  contain 
some  included  augite.  Besides  the  crystals  included  in  the  feld- 
spar, purplish  augite  forms  a  few  small  phenocrysts  in  the  ground- 
mass,  and  there  are  a  very  few  small,  rounded  quartz  phenocrysts. 
The  groundmass  consists  essentially  of  microperthite,  augite,  and 
the  ores.  Among  the  secondary  minerals  are  hornblende,  epidote, 
and  titanite. 

The  rock  differs  rather  strongly  in  some  of  its  chemical  and  tex- 
tual characters  from  the  typical  rhombenporphyries  of  the  Laurvik 
region  in  Norway,  but  it  also  resembles  them  in  some  important 
particulars.  It  is,  therefore,  in  view  of  the  characteristic  shape  of 
the  feldspar  phenocrysts,  classed  as  a  rhombenporphyry. 

Chemical  character. — The  chemical  composition  of  the  chief  varie- 
ties of  the  Blue  Hill  granite  porphyry,  as  well  as  of  the  aporhyolite, 
next  described,  and  of  the  porphyries  associated  with  the  Quincy 
granite  in  the  Rhode  Island  areas,  is  shown  in  the  following  tabu- 
lated results  of  analyses  of  material  from  several  localities: 

Chemical  compotition  of  porphyrin  outdated  uHth  the  Quint*  grartte. 
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APORH  TOLITE. 

The  Blue  Hill  granite  porphyry  is  overlain  in  three  places  by 
J^5  aVhyoL,  theVgest  of  which  extends 
from  Pine  Hill  in  Quincy  and  is  shown-generalized  as  to  outlme- 
on  The  map  accompanying  this  bulletin  (PI.  X).  It 
t^e  MatTapan  volcanic  complex  because  it  was  first  regarded  as  prob- 
ablv  effusi^  and  vounger  than  the  Blue  Hill  gramte  P*nAvry>  * 
wlrrfn  !  has  since'shown  rather  convincingly  that  i  is -ore P-b ably 
older  than  the  porphyry,  but  comagmaUc  with  it  and .P^^* 
remnant  of  the  outermost  shell  and  first-cooled  part  of  the  invading 

m  The'rock  is  prevailingly  dark  reddish-brown  or  purple  and  tacom- 
monly  somewhat  porphyritic  though  in  places  dense  ^d  almost 
tl>t^  pnhanitic  Flow  structure  is  common  and  in  places  is 
E^ErS^n  many  places,  especially  where  flow  structure  is 
most  ul  evidfnce,  the  rock  is  taxitic   Spheruhtic  textures,  too,  are 

ftX  show  that  the  feldspar  f"****^ 
wholly  of  microperthite  and  that  quartz  phenocrysts  are  rare.  Under 
hil  Dowers  thegroundmass  is  seen  to  be  now  entirely  crystalline  and 
to  oemldTup  largely  of  a  mixture  of  alkalic  feldspar  and  quartz. 
DartTlfdtes'  areVmost  wholly  lacking,  but  the  groundmass ,  » 
Crinkled  with  tiny  grains  of  hematite  and  magnetite  and  otter 
aCdon  products  arT fairly  abundant.  The  rock  appears  to  be  a 
dev?rmeiPand  altered  rhyolite.  Its  chemical  composition  is  shown 
in  column  5  of  the  preceding  table  of  analyses. 

QUTNCT  GRANITE  AND  ASSOCIATED  BOCKS  IN  RHODE  ISLAND. 

In  Cumberland,  R.  I.  the  Quincy  granite  is  "P^** J*  * 
riebecfcte  granite  porphyry*  containing  porphyritic  feldspar  and 
qut^n  aSogiSc  greundmass  of  quartz,  f  elA*ar and  biotite. 
The  rock  also  contains  riebeckite  and  seginte  The  short,  stout, 
^uarTteldspar  phenocrysts  are  composed  of  orthocla* ' 
with  an  outer  border  of  albite  and  are  opaque  from  abundant  needles 
Tf  rie^ckite,  oriented  in  several  planes.  They  are  surrounded^ 
Aarr^rfer  of  quart,  and  feldspar  of  finer  ^n^n  the  -st 
ofXVoundmass.  The  quartz  phenocrysts  have  the 
•nclLres  and  the  polarization  in  ««parate  characteristic  of 

SeVrte  of  porphyries  and  are  penetrated  by  deep  lobes  of  the 

-.  w>™,  c  h.  ^-^rir^T^^rr^.^  *• w" 
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proundmass.  The  rock  has  a  "pepper-and-salt"  appearance,  due  to 
abundant  stout  blades  of  hornblende,  • 

A  granite  porphyry  with  abundant  quartz  phenocrysts,  formed  by 
the  strong  development  of  the  microgranitic  groundmass,  occurs 
also  in  stocks  and  great  dikes,  as  well  as  an  aplitic  rock,  formed  by 
the  development  of  the  groundmass  alone,  without  phenocrysts.  A 
coarse  hornblende  granite  forms  large  masses  at  the  south  end  of  the 
last-mentioned  stock,  along  its  border. 

The  East  Greenwich  area  of  Quincy  granite,  south  of  Providence, 
forms  a  great  stock,  which,  except  for  a  narrow  band  of  black  biotito 
granite  along  its  northern  border,  is  chemically  undifferentiated. 
Its  prominent  characteristics  are  the  paucity  of  dark  constituents,  its 
composition,  which  is  that  of  an  alkalic  granite,  the  prevalence  of 
microgranitic  and  micrographic  textures,  and  its  general  porphyritic 
habit 

The  rocks  are  arranged  concentrically!  A  biotite  granite,  which 
passes  into  granite  porphyry,  forms  the  main  mass  and  is  overlapped 
on  all  sides  except  the  west  by  a  thick  sheet  of  fine  pearl-gray  aplite, 
which  has  in  part  a  microgranitic  and  in  part  a  micrographic  texture 
ond  is  very  ferruginous  on  its  north  border.  In  the  center  of  the 
granite  is  an  area  a  mile  square  of  beautiful  granite  porphyry  with 
inicrocline  and  blue  quartz  and  adjoining  this  on  the  west  is  another 
area  a  mile  square  where  the  micrographic  aplite  is  shattered  and  is 
cemented  by  the  blue-quartz  granite  porphyry.  This  breccia  is  over- 
lain by  a  large  outlier  of  Carboniferous  conglomerate,  which  for 
several  miles  about  contains  abundant  large  fresh  angular  blocks  of 
the  aplite  associated  with  the  granite.1 

The  chemical  nature  of  some  of  the  phases  of  Quincy  granite  in 
Rhode  Island  is  shown  in  columns  6  and  7  of  the  tabulated  re- 
sults of  analyses  given  under  the  description  of  the  Blue  Hill  granite 
porphyry. 

SQUAM  GRANITE. 

Small  masses  of  granite  intrusive  into  the  Quincy  granite  along 
Squam  River  and  in  Dan  vers  have  been  called  Squam  granite  by 
Shaler  and  by  Clapp.  .The  rock  is  apparently  related  to  the  main, 
granite  mass  but  is  finer  grained  and  is  richer  in  mafic  minerals. 
Its  feldspar  is  mainly  orthoclase  or  microcline.  It  is  correlated  by 
Clapp  *  with  the  Andover  granite,  but  if  this  correlation  is  correct  it 
must  be  considerably  younger  than  the  Quincy  granite  in  spite  of 
their  apparent  association. 

*  Rmrnoc,  B.  X-  ud  Wiry,  J.  H.,  The  «Te*o  arhlata  and  aaaodated  franltaa  and  por- 
phyrin of  Rhode  Inland:  V.  B»  Gaol.  Surrey  Don.  811,  p.  64,  ltOT.  I  mar  *•**  «•» 
•Mention  to  aa  error  near  the  bottom  of  p.  64  of  BoU.  Ill,  where  ■  Booth  at  a  acaool- 
noune  -  ahooid  read  "  north." 

*  Clapp,  C.  H„  The  lfneoui  rocka  of  Banes  Count*.  liana,,  p.  10,  1610. 
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DIKES  CUTTING  THE  QUINCY  GRANITE  IN  ESSES  COUNTY,  MASS. 

Aphtc.-^Sm&ll  dikes  of  aplite,  consisting  of  light-colored,  fine- 
grained mixtures  of  quartz  and  microperthitic  feldspar  are  common 
in  the  Quincy  granite  in  Essex  County.  Some  of  them  have  a  micro- 
graphic  and  others  a  microgranitic  texture.  Washington  describes 
a  curious  compound  dike  at  Bass  Rocks  on  Cape  Ann 1  which  has  an 
aphanitic  aplite  center  and  microgranitic  borders. 

Vogesite. — Washington  notes  several  vogesite  dikes,  as  on  Davis 
Neck.  Cape  Ann,'  w  hich  are  composed  of  hornblende,  augite,  biotite, 
and  much  alkalic  feldspar  but  little  calcic  plagioclase. 

Quartz  syenite  porphyry. — Shaler's  dikes  52,  53,  and  70  on  Eastern 
Point  and  245,  north  of  Squam  Light,  and  others,  are  described  by 
Washington*  as  composed  of  quartz  syenite  porphyry.  They  con- 
tain phenocrysts  of  alkalic  feldspar,  hornblende,  biotite,  and  rarely 
quartz  in  a  dark-gray  or  brown  groundmass.  A  similar  slightly 
porphyritic  rock  cuts  the  gabbro  in  the  quarry  for  road  metal  on 
Xahant.  An  alkalic  syenite  porphyry  that  cuts  rhyolite  on  the 
southeast  coast  of  Marblehead  Neck  contains  microscopic  diopside 
as  its  dark  constituent 

Diorite  porphyry. — Shaler*  describes  one  remarkable  dike  of  dio- 
rite  porphyry,  No.  236,  in  Lanesville,  on  Cape  Ann,  in  which  the  iri- 
descent plagioclase  crystals  are  several  inches  across. 

Paisanite. — A  single  dike  of  highly  siliceous  rock,  Shaler's  No.  3, 
at  the  southeast  corner  of  Magnolia  Point,  is  described  by  Washing- 
ton as  a  paisanite.* 

Chemical  character. — The  chemical  composition  of  the  rock  of  some 
of  these  siliceous  dikes  is  shown  by  the  following  tabulations  of  the 
results  of  analyses  by  H.  S.  Washington: 


Chemical  composition  of  dike*  cutting  Quincy  granxte  in  Essex  Count*. 
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BEVERLY  SYENITE  AND  ASSOCIATED  ROCKS.1 

General  character. — The  Quincy  granite  of  the  Cape  Ann  and 
Peabody  areas  differs  from  that  of  the  other  areas  in  the  presence  of 
a  series  of  syenitic  rocks,  rich  in  sodium  and  in  part  containing 
nephelite  and  olivine,  which  cut  the  granite  and  are  thought  to  be 
afterarrivals  of  the  same  magma.  Similar  rocks  are  abundant  as 
inclusions  or  schlieren  in  the  granite,  and  the  whole  complex,  there- 
fore, can  not  be  widely  separated  in  age.  The  varieties  that  occur 
in  areas  of  sufficient  size  and  definiteness  to  be  mapped  are  the  Bev- 
erly syenite,  the  quartz  syenite,  and  the  nephelite  syenite.  The  Bev- 
erly syenite  occupies  an  area  comparable  with  that  of  the  Quincy 
granite,  but  the  nephelite  syenite  is  confined  to  Salem  Neck  and  the 
Beverly  shore.  These  syenitic  rocks  were  divided  by  Washington* 
into  the  varieties  described  below,  not  all  of  which  are  differentiated 
on  the  map  accompanying  this  paper  (PL  X,  in  pocket). 

Quartz  syenite. — The  abundant  dark  inclosures  in  the  Quincy 
granite  of  Cape  Ann  are  formed  of  a  granitoid  rock,  composed  of 
the  same  constituents  as  the  granite  but  in  finer  grains  and  with  the 
darker  minerals  more  abundant    (See  analysis  2,  p.  199.) 

Akerite  (augite-quarte  syenite)  .—The  dominant  type  of  the  sye- 
nitic rocks  is  a  coarse  greenish  rock  of  granitoid  texture,  with  abun- 
dant black  spots  of  pyroxene.  It  is  much  like  the  rock  of  the  neigh- 
boring inclosures  in  the  granite  and  it  occupies  an  area  about  equal 
to  that  occupied  by  the  granite,  which  it  partly  surrounds, 

Nordmarkite  (Kotite  hornbleruU  qvartz  syenite).— A  subordinate 
variety,  occurring  along  the  shore  of  Squam  River  and  named  diorite 
on  Shaler's  map  of  Cape  Ann,*  is  a  light-gray,  fine-grained  granitoid 
rock  of  composition  similar  to  the  varieties  just  described.  It  also 
occurs  in  dikes  in  the  Salem  gabbro-diorite  in  Marblehead  and 
Swampscott, 

Orbicular  syenite.^Small  masses  of  porphyritic  syenite  with  black 
hornblende  crystals  5  centimeters  long,  surrounded  by  narrow  zones 
of  white  granular  feldspar,  from  which  the  iron  has  been  drawn  to 
help  form  the  hornblende,  occur  on  Salem  Neck,  at  Baas  Rock,  and 
on  the  Manchester  shore. 

Nephelite  syenite. — A  narrow  belt  of  nephelite  syenite  is  exposed 
at  several  places  for  a  distance  of  8  mile,  along  the  shore  from 
Salem  Neck  to  Gales  Point  in  Manchester.  The  rocks  of  this  belt 
are  classed  by  Washington  as  ditroite,of  granitic  texture,  and  foyaite, 

•  Wajhlnrtoa.  H.  B.,  Tht  prtrotraphlcal  piotlau*  at   _ 

P.l.oatolow  of  tan  CoontrMa-a,  laxlTr-j^iS^***'  "'""^  "* 
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of  trachytic  texture,  the  foyaite  predominating.  In  addition  to  the 
minerals  common  to  the  other  varieties  of  syenite  these  rocks  contain 
nephelite,  sodalite,  cancrinite,  *girite,  and  much  zircon  .  They  in- 
clude subordinate  types  free  from  nephel.te,  one  of  trachytic  habit 
called  hedrumitic  pulaskite,  and  another  with  very  large  hornblende 

CrS.^VPgte^y  black  and  porphyritic  mafic  rock 
toid  texture  forms  a  great  mass  on  Salem  Neck.  Some  varieties  of 
raretgTblue  and  schistose  (salemite  of  Sears).  It  is  cut  by  nephe- 
tu  sye^te  and,  according  to  Washington,  grades  mto  the  neighbor- 
tgJiorite.  It  is  thought  by  Clapp  to  be  a  *yb"d  rock  for -med  by 
thf  blending  of  the  nephelite  syenite  with  the  dionte.  ^  conta ms 
augite,  *g!rite,  biotite,  hornblende,  and  plagioclase,  with  subordinate 
orthoclase,  nephelite,  and  olivine. 

MvTergiZ  and  '^^ua^.-Appar^ntly  allied  to  the  nephelite 
Jnite  isVseries  of  small  dikes,  especially  described  by  W^hington 
characterized  by  alkalic  feldspar  and  glaucophane,  nebeckite,  or 

^frock  of  Shaler's  dikes  55  and  182  is  classed  by  Washington  as 
solvsbergita.  It  is  compact,  blue-gray,  find  slightly  porphyritic  and 
cTt^  glaucophane  or  *girite,  or  both,  and  little  or  no  quartz. 
Similar  dikes  are  found  on  islands  in  Salem  Harbor. 

Only  three  dikes  of  tinguaite  have  been  found  in  Essei ^County 
The  rocks  are  dark  green  and  dense  and  contain  a  few  crystals  of 
alkalic  feldspar  in  a  groundmass  of  *girite,  analcite,  and  nephelite 
A  dike  of  biotite  tinguaite  occurs  at  Gales  Point  and  one  of  analcite 
tinguaite  at  Pickards  Point  in  Manchester,  and  another  200  yards 
from  Squam  Light,  on  Cape  Ann. 

Chemical  character.-The  chemical  composition  of  the  several 
types  of  the  Beverly  syenite  and  associated  rocks  is  shown  by  the 
following  tabulated  results  of  analyses: 
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EARLY  CAJRBONIFEKOUS  DIKES  AND  VOLCANIC  BOCKS. 

GENERAL  CHARACTEB. 

In  eastern  Massachusetts  the  intrusion  of  the  batholiths  of  Quincy 
granite  was  accompanied  and  followed  by  the  invasion  of  the  sur- 
rounding rocks  by  dikes  and  stocks  of  granite  porphyry,  rhyolite 
porphyry,  felsite  (aporhyolite).  and  siliceous  andesite  and  by  the 
eruption  on  the  surface  of  trachytic,  andesitic.  and  basaltic  flows. 
The  eruptions  seem  to  have  been  violently  explosive,  as  extensive 
beds  of  tuff  and  of  volcanic  breccia  are  interbedded  with  the  flows, 
and  much  of  the  red  sandy  slate  in  the  Carboniferous  basins  is  com- 
posed of  redeposited  tuff.  In  Essex  County  the  earliest  volcanic 
rocks  rest  in  places  on  a  coarse  agglomerate  of  Dedham  granodiorite 
and  are  called  the  Lynn  volcanics  by  Clapp.  They  form  the  older 
and  more  felsitic  part  of  the  complex  of  volcanic  rocks  to  which 
LaForge  has  given  the  name  Mattapan  volcanic  complex.  He  has 
furnished  the  following  brief  description  of  the  rocks  of  this  complex 
in  the  Boston  district : 

MATTAPAN  VOLCANIC  COMPLEX. 

For  the  Carboniferous  volcanic  rocks  of  the  Boston  district  and 
the  associated  stocks  and  dikes  of  granite  porphyry,  felsite,  and 
other  rocks  the  name  Mattapan  volcanic  complex  is  proposed,  taken 
from  Mattapan,  in  the  Dorchester  district  of  Boston,  where  the 
rocks  are  well  displayed.  The  complex  comprises  an  extensive  series 
of  flows,  volcanic  breccias,  and  accompanying  pyroclastic  sedimen- 
tary beds,  associated  with  and  to  some  extent  cut  by  intrusive  felsites 
and  granophyric  rocks.  The  intrusive  bodies  cut  also  the  Dedham 
granodiorite,  the  Salem  gabbro-diorite,  and  the  Algonkian(f)  rocks, 
and  the  volcanic  breccias  include  many  fragments  of  those  older 
rocks. 

The  igneous  rocks  of  the  Mattapan  complex  may  be  roughly 
classified  as  felsites  and  melaphyres.  The  felsites  are  prevailingly 
light-colored  and  are  largely  quartzophyric  rocks,  chiefly  dacite, 
but  they  include  andesite,  trachyte,  and  some  granite  porphyry.  The 
melaphyres  are  commonly  dark,  to  s  considerable  extent  amygda- 
loidal,  and  comprise  chiefly  andesite,  trachyte,  and  diorite  porphyry 
but  include  some  basalt  The  order  of  eruption  has  not  been  fully 
determined,  but  in  general  the  oldest  lavas  are  felsite  and  the  young- 
est are  melaphyre,  although  during  a  large  part  of  the  eruptive 
period  the  two  alternated  more  or  less,  so  that  felsite  cuts  melaphyre 
and  melaphyre  fragments  are  found  in  volcanic  breccias  with  a  fel- 
sitic matrix,  aa  well  aa  the  reverse. 

The  eruptions  began  before  the  first  deposition  of  the  Roxbury 
conglomerate,  the  base  of  which  lies  in  some  places  on  a  considerable 
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thickness  of  volcanic  rocks,  and  continued  in  some  parts  of  the  area 
through  nearly  the  whole  time  of  deposition  of  that  formation. 
Hence  there  is  some  doubt  whether  some  of  the  older  sedimentary 
beds  are  part  of  the  Roxbury  conglomerate  'or  are  interstratified 
volcanic  conglomerates. 

VOLCANIC  ROCKS  IN  NABKAGANSETT  BASIN. 

The  felsitic  surface  flows  (aporhyolite),  so  abundant  in  the  Bos- 
ton district,  sre  generally  absent  in  the  Cumberland  and  East  Green- 
wich areas,  situated,  respectively,  north  and  south  of  Providence. 
The  southernmost  extensive  occurrence  of  Carboniferous  volcanic 
rocks  is  at  Diamond  Hill,  in  the  northern  part  of  the  Providence 
quadrangle,  where  the  aporhyolite  is  in  part  replaced  by  an  enor- 
mous deposit  of  vein  quartz.  From  Dismond  Hill  the  aporhyolite 
swings  around  to  the  east  in  a  series  of  small  outcrops  associated 
with  basaltic  dikes.  It  appears  to  have  been  erupted  early  in  the 
Carboniferous  period,  as  it  is  interstratified  with  the  Wamsutta 
formation. 

LITHOLOOIC  TYPES. 

Siliceous  andente.— The  rock  of  s  dike  in  the  Neponset  Valley, 
which  has  been  studied  by  Miss  Bascom,  is  representative  of  a  large 
series.  It  contains  60  to  62.8  per  cent  SiO„  19.84  per  cent  AltO„ 
and  8.3  per  cent  FeO.  It  cuts  the  fine  granite  and  is  cut  by  the 
oldest  siliceous  intrusive  rocks.1 

Granite  porphyry  and  rhyolite  porphyry.— Crosby  *  describes  in 
detail  a  great  100-foot  dike  of  rhyolite  porphyry  running  through 
Bearberry  Hill  in  the  Blue  Hills  Park  Reservation,  which  twice 
passes  into  granite  porphyry  and  back  into  rhyolite  porphyry. 
Abundant  half-inch  feldspar  crystals  appear  in  a  greenish-gray 
gronndmass.  The  rock  is  the  type  of  an  extensive  series,  which  cuts 
all  the  roves  of  the  Quincy  granite  batholith  and  agrees  with  the 
granite  in  composition. 

Felsite  dikes,  stocks,  and  neck*  ( a porhyolitc ) .— G ray  felsite  dikes 
and  stocks  are  abundant  in  the  Hyde  Park  region,  cutting  the 
granites,  rhyolite  porphyries,  and  other  felsites,  and  two  enormous 
dikes  of  this  kind,  one  on  the  north  and  the  other  on  the  south  of 
the  Blue  Hills,  pass  into  effusive  sheets. 

The  felsite  rocks  at  West  Roxbury  and  Hyde  Park  are  of  the 
greatest  interest.  According  to  Crosby  those  localities  were  the  cen- 
ters of  volcanic  activity— the  throats  of  old  volcanoes  from  which 
flowed  the  effusive  felsite  described  below-^nd  they  are  clogged 
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by  the  results  of  explosive  outbursts— fine  volcanic  ash  in  large 
quantity  and  coarse  agglomerates  of  volcanic  blocks  and  granite 
fragments,  cemented  by  later  fluidal  aporhyolite  and  cut  by  still 
later  dikes  of  that  rock.  With  these  true  pyroclastic  rocks  are 
blended  autoclastic  forms- breccias  produced  in  the  viscid  lava  by 
its  own  flow.*  ,  . 

I  have  described  a  similar  rock  at  East  Greenwich,  K.  1.,  else- 

where*  • 

Siliceous  effusive  rocks.-The  types  grouped  as  siliceous  effusive 
rocks  comprise  aporhyolite,  fluidal  rhyolite,  rhyohte  porphyry,  effu- 
sive felsite,  quartz  keratophyre,  dacite,  and  andesite  They  are 
found  on  Marblehead  Neck,  in  Lynn,  Saugus,  and  Maiden,  in  the 
Middlesex  Fells,  in  tbe  Blue  Hills,  as  part  of  the  Wamsutta  forma- 
tion in  Attleboro,  and  in  East  Greenwich,  R.  I.  Red  felsites  are 
extensively  developed  in  Hyde  Park  and  in  Hingham.  With  the 
flows  are  associated  in  many  localities  beds  of  tuff  and  agglomerate 
and  extensive  flow  breccias. 

The  flow  rocks  have  a  dense  aphanitic  groundmass,  generally 
spotted  with  small  white  angular  feldspars.  They  are  of  many 
colors,  ranging  from  black  through  red  to  white.  In  many  places 
they  show  a  marked  flow  structure,  and  because  of  their  sharply 
marked  banding  they  were  thought  for  years  to  be  of  se ^enUry 
orixrin,  but  their  igneous  character  was  finally  established  by  Diller 
and  by  Wadsworth*  in  the  early  eighties  after  a  long  and  mteresting 
controversy.  In  this  connection  Mr.  E.  S.  Bastin  has  called  my 
attention  to  the  absence  from  the  analyses  quoted  below  of  those 
chemical  relations  characteristic  of  sedimentary  rocks. 

These  rocks  contain  quartz,  orthoclase,  albite,  oligoclase,  and  a 
little  pyroxene  and  magnetite  and  are  high  in  silica.  In  the  rock 
of  Lowell  Island,  according  to  Sears,  glaucophane  is  commonly 
present.  The  groundmass  of  the  rocks  is  made  up  of  quartz  and 
feldspar  and  seems  in  some  specimens  to  have  been  originally  glassy 
and  later  devitrified  but  in  others  to  have  been  originally  tolocrys- 
talline  Some  remnants  of  glass  remain  and  spheruhtes  and  litho- 
physffi  are  abundant.  In  Medford  the  felsite  has  a  microgranitic 
texture  and  grades  into  granite  porphyry  on  one  side  and  into 
ihyolite  on  the  other  and  is  associated  with  a  rhyohte  breccia. 

Keratophyre.-^  rock  called  keratophyre  by  Sears,  bostonite 
by  Rosenbusch,  and  trachyte  by  Wadsworth  is  exposed  at  low  tide 

•  Croeby.  W.  O.  op.  dt.  PP.  M.  T8. 
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at  two  places  on  the  northwest  shore  of  Marblehead  Neck.  It  rests 
on  a  rhyolite  agglomerate  and  probably  forms  a  flow  or  flows.  It 
is  a  whitish  harsh-feeling  fine-grained  rock  containing  a  few  por- 
phyritic  crystals  of  orthoclase  and  resembles  the  trachyte  from 
Drachenfels.1 

Apoandesite  dikes. — These  are  dense,  fine-grained  purple  rocks 
containing  a  few  feldspar  phenocrysts  but  now  almost  wholly  made 
up  of  secondary  minerals.  They  occur  in  the  Neponset  Valley  in 
and  near  Hyde  Park. 

Apoandesite  flows.— The  melaphyre  at  Brighton  was  for  a  long 
time  thought  to  be  a  sedimentary  rock  by  Hitchcock,  Hunt.  Crosby, 
and  Shaler.  E.  R.  Benton1  gave  a  history  of  opinion  and  the  first, 
determination  of  the  rock  as  melaphyre.  W.  M.  Davis*  described 
banded  amygdules  in  the  melaphyre  at  Brighton.  J.  E.  Wolff 4  de- 
scribed the  rock  at  Houghs  Neck  in  Quincy  as  compact  and  amygda- 
loidal,  red  when  freshest  and  grading  to  gray  and  green  in  the  most 
altered  parts.  It  contains  plagioclase,  sanidine,  olivine,  augite,  and 
magnetite,  and  the  whole  is  largely  changed  to  calcite,  quartz,  epi- 
dote,  and  chlorite.  He  determined  that  it  was  derived  from  diabase 
and  olivine  diabase  or  melaphyre,  and  cut  by  later  dikes  of  more 
altered  diabase. 

Prof.  B  a  scorn  5  has  described  the  rock  and  its  associated  tuffs  in 
detail,  and  on  the  basis  of  the  analysis  (No.  9  in  the  following  table) 
determines  it  to  be  a  highly  "  acid  andesite"  or  in  its  present  altered 
state  an  apoandesite.  It  might  better  be  called  a  highly  sodic  andes- 
ite. If  the  large  amount  of  soda  is  present  in  the  feldspar  the  rock 
may  contain  albite  59.75  per  cent,  orthoclase  7.11  per  cent,  other 
constituents  33.14  per  cent. 

Andesite  ■flow. — A  single  widely  extended  effusive  sheet  of  this  type 
appears  on  Black  Rock  Island  off  Nantasket  and  beyond.  It  is  a 
compact  purplish  felsitic  rock  containing  many  plagioclase  pheno- 
crysts in  a  microlitic  base.  There  are  several  associated  dikes  of  the 
same  rock.  It  is  described  by  Merrill  *  as  a  porphyrite.  The  silica 
content  ranges  from  56.25  to  58.25  per  cent.' 

Apo-soda  trachyte. — This  is  described  by  Prof.  Bascom T  as  a  coarse, 
very  porphyritic  rock  in  which  albite  is  dominant  and  diopside  was 

I  Wadewortb,  II.  A..  On  the  trachyte  of  Marblehead  Neck  :  Boatoo  Soc  Nat  Hlrt  Pree, 
toI.  21,  p.  80S,  1888.  Sears,  J.  H,  On  keratophyre  of  Marblehead  Neck  :  Harrard  CeJL 
Mas.  Com  p.  Zool.  Bait.  roL  14.  p.  187.  1800.  Washington.  H,  8.,  Jour.  Oeotaay,  rot  T, 
p.  283,  1888. 

•  Beaton,  H.  B.,  The  amygdaloid*)  melaphyre  of  Brighton,  Mftaa. :  Boetoa  Soc  Nat  Hist. 
Prot,  vol.  20,  p.  418.  1881. 

•  Derie,  W.  M„  Mem,  p.  49*, 

'Wolft,  J.  BL,  The  great  dflto  at  Honcba  Neck,  Qoiscy :  Harrard  Colt  Mua.  Con  p. 
Zool.  Bull.,  roL  T,  p.  88L  1882. 

•  Baecota.  Florenoe,  Volcanlca  of  Neponaet  Valley  :  OeoL  Soc  America  Bull,  rot  it 
P.  118,  1800. 

•  Merrill,  O,  P„  Boetoa  toe.  Nat  Hlet  Oceaelonal  Papere  IV,  roL  L  pt  1.  p.  86,  18*8. 

•  Beacon,  Florence,  Am.  «eotogl»t  toL  86,  p.  80,  1808. 
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formerly  present  It  appears  in  a  single  flow  in  Milton  (Central 
Avenue)  and  in  a  probable  vent  in  Hyde  Park,  north  of  River  Street, 
and  was  exposed,  as  a  flow,  in  the  Hyde  Park  tunnel  Its  composi- 
tion is  given  in  the  following  table. 

Chemical  character.-^  following  tabulation  of  analyses  of 
specimens  of  several  of  the  types  mentioned  above  will  serve  to  illus- 
trate the  chemical  character  of  the  rocks: 

Chemical  competition  of  Carboniferout  rolcanic  rock*  from  eastern 
Matsachutett: 
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7.05 
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Trie*. 

........ 

Trace. 
Trace. 

PiO» 

MnO  
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;Vett*T.  W.  H.  Hell,  enelj*  fArad.  Net  8cL 
m  e»r.,  toL  15,  p.  14*.  1»12V  l» ev  1 « tefceo  from  tka  center  end  No.  3  Ixom  OM 


•  Ket4 

1  and  2.  AMbTOlltB  Ctallerodoes)  Iron  Ojelie; 

Pt.4UAJrJ.4e  l«  1 

TK«etopfcTte  (baeu^lipero.)  trmm Bod—  IW.MertWI Meek.  B.  8.  WeAtaftem.  eiulyrt 


6.  Keratophrre 
(an  c4t  p.  393). 

T  Kjij^yra  Oieeter^Bperoee)  fre» 

Geci  Borrey         76,  p.  121, 1891).    n.t^rA 

7.  FeHsperlia-  OMWlophTTe  of  MirtilijiMi  lletfc.  T.  M.  Cfcetard 


■nieTileelli  itlln  f~*r*  f  *~  > 


Keck.  T.M.C3»»4»rd,«naiy»t(U.8. 

.Hen,  enelyet,- 


elker,  eaetyet  (ep-  (*t-,  p.  134). 
W.  M.  Hell,  enatjet  (op.  du,  p.  135). 

LATER  CAJLBOjTLTDtOUB  DIKES. 

XKPHXLJTE-BjtAKD40  DID  BOCKS  0T  WOKCESTXB  COU3TTT,  MASS. 

Distribution. —  A  distant  halo  of  nepbelite-bearing  dikes  surrounds 
the  center  of  riephelite-bemring  rocks  at  Salem  and  extends  far 
northward  toward  the  similar  centers  in  New  Hampshire.  (See  fig.  2, 
p.  292.)  A  dike  of  amphitek  nninfAkiiri^ 

phenocryata,  and  one  of  augite  moochiquite  are  found  in  Stow,  Mass., 
and  an  interesting  aeries  of  Lingua  it*  dikes  is  exposed  in  South  bo  ro, 
Mass..  and  Woonsocket,  B.  L 

AuoiU  9umdu4»iU.—X**T  the  southern  quarry,  west  of  Marble 
HiD  in  Stow,  b  a  dike,  8  feet  thick,  of  dull-brownish  rock  showing 
spots  of  altered  olivine  and  of  red  biotitc.  The  oldest  constituents 
art  apatite  in  abundant  needles  and  magnetite  evenly  distributed  and 
commorily  surrounded  by  red  btotite.  The  whole  interspace  between 
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the  earlier  porphyritic  pyroxenes  is  taken  up  by  long  needles  of  a 
paler  diopside,  projecting  into  cavities  and  having  blue-green  ends 
of  a?girite.  They  lie  in  a  colorless,  faintly  polarizing  groundmass 
which  is  apparently  nephelite. 

JZgirite  tinguaite. — Bowlders  of  compact,  aphanitic,  dark  grayish- 
brown  rock  with  a  greasy  luster  are  abundant  along  the  eastern  slope 
of  Clear  Hill,  a  mile  northeast  of  Southboro,  and  continue  to  a  point 
2  miles  south  of  Fayville.  Material  from  a  large  bowlder  lying  north 
of  the  barn  of  J.  C.  Converse  in  Southboro  was  analyzed  for  me 
under  the  name  phonolite,  and  was  determined  by  Washington 1  to 
be  a  typical  a-giritc  tinguaite,  one  specimen  showing  very  sharp 
nephelite  crystals.  The  colored  constituent  is  aegirite  in  distant  tufts 
of  green  needles.  Except  for  this  mineral  the  whole  field  is  made  up 
of  colorless  branching  needles,  of  so  high  refractive  index  that  they 
stand  out  like  glass  threads.  They  are  probably  colorless  aegirite, 
for  some  larger  crystals  of  a?girite  are  half  colorless.  The  needles 
have  a  remarkable  resemblance  to  the  spicules  of  a  sponge. 

The  chemical  composition  of  the  rock  is  shown  by  the  following 
result  of  an  analysis  by  H.  N.  Stokes :  * 

Chemical  competition  of  a-giritc  tinguaite  from  Southboro,  llau. 


SIC  54.  22 

TICS   .  38 

A1A.  20.  20 

ft*Oi  2.85 

reCLw   1.02 

MnO  ^  .  IS 

MfO  .  29 

ceo  .  to 


Na/>   9.44 

KiO   4.85 

HX>  (below  110*  C.)   .42 

H.O  (above  110*  C)   5.57 

P.O.   .11 


99.74 


(Traces  of  OO,,  CL  F,  BaO,  and  LLO;  no  8,  BOe.  or  SrO.) 

The  Tenth  Census  collection,  in  the  United  States  National  Mu- 
seum, contains  a  thin  section  (No.  25920)'  from  Fairmount  Farms, 
Woonsocket,  R.  L,  which  is  a  bi otite-labradori te- nephelite  rock  of 
very  fine  grain. 

CAMPTONITB  DIKES. 

Amphibole  camptonites  are  found  in  Brookline,  N.  BL,  and  Town- 
send,  Mass.,  and  in  Pepperell,  Mass.,  an  augite  camptonite  occurs 
which  contains  large  phenocrysts  of  both  augite  and  plagioclase.  A 
great  bowlder  on  the  farm  of  J.  W.  Stow,  in  Stow,  i*  composed  of 
black,  compact,  fresh-looking  rock  with  black,  very  lustrous,  doubly 
terminated  hornblendes  (barkevilrite)  one-fourth  to  1  inch  long. 
Large  grains  of  magnetite,  three-quarters  of  an  inch  long,  and  many 
graina  of  pyri'f  ;ir*  included  in  the  hornblende  crystals,  especially  in 

•iTMty*)"^*  .««*««™pu«l  pwrlao.  at  Bom  Centy,  Mam  *  Jmn.  <^aj, 

''  '•       °«*  »  14«,  p.  TT,  18ST.''  ^gjUlfo 
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larcer  ones.  Many  white  spots  of  fresh,  glassy,  or  dull-lustered 
ohgS  are  half  an'inch  long.   The  grounds  in  part  polanzes 

in  soft  colors  like  nephelite.  ,       ,  m  Trrom. 

The  rock  of  a  dike  close  to  the  northwestern  boundary  ofFram 
inSnTa  dull-black  aphanitic  trap,  showing  black,  pitchlike  spots 
from  altered  olivine.  The  long  blades  and  needles  of  viole ;  titam far- 
ous  augite  are  later  and,  with  the  feldspar  crystals,  have  a  flmdal 
"rangfrn'nt  around  the  very  abundant  automorphic  ohvine  crystals 
wnTch  are  altered  to  brown-yellow  serpentine,  and  are  commonly 
corroded  and  surrounded  by  a  border  of  .ddmgsite. 

Washington  describes  some  not  quite  typical  camptonite  that  cuts 
th  fova S  of  Salem  Neck  and  the  augite  syenite  of  Coney  Island  m 
Salem  Harbor.  It  is  a  dense,  black,  nonporphyntic  rock  made  up  of 
ffiu Thrown  hornblende  (barkevikite),  a  little  VJ^^^ 
,  little  orthoclase,  and  some  magnetite  and  apatite.  Its  chemical 
Lmptittnt  given  below.  Similar  rock. .that  occur  in  connects 
with  the  great  Medford  dike  are  described  by  Hobbs. 

Chemical  competition  of  camptonite  from  Salem  Week,  Mas,.' 
IB.  8.  Washington,  analyst] 
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DIABASE  DIKES. 

Crosbv  •  who  divides  the  dikes  of  the  Boston  Basin  into  twe .  series, 
oSniferous  and  Tri.ssic  age,  respectively,  says  of  the  older: 

«.  normal  trena  -  the  ™  J^^  * 
west,  and  they  rarely  varymore  than ,80  ^  l<?  dike,  to  exhibit 

approximately  vertlcaL  they  are  ^  "^f^U        manifest  tendency 

a  alatinct  hade,  ^^^^^^  In  0ther 

toetog  to  conform  with  the  atrtke  Joints  oi  unBymmetrlc  fold, 

word,  these  are  lon^dlna  ^  tra  e«  g  a  ^  -  .  ^  ^ 
and  sympathizing  In  attttnde  with  the ^t ens      P  ^         In  ^ 

5"  TiTler^^^  rarely  distinctly  developed. 

****  *  ^  ITrTSe^  one  grained  greenstone*,  the  original  or  normal 
UthoiogVcali, -tjjf ^axe ^J^^^tto,,  and  epldotlxatlon,  In  con- 

among  the  more  resistant  rocks  of  the  region.   

TBo«.,  W  H„  O.  tb.  prfrogr.ph.cat  ch.r^sr.  of  .diss  of  dlabaM  *  U.  Bosto. 
p^^a^ard  ColL  Hue.  Comp.  ZooL  Bull,  vol.  16,  p.  10.  1MB. 

Uonr.  0«oloc7.  vot  7.  P.  288,  1W»». 

•  Croaoy,  W.  O.  Aax  Gsologtot  roL  M.  P.  1«0». 
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Diabase  dikes  of  Carboniferous  age,  although  abundant  in  the 
Boston  district,  are  in  many  places  too  much  decomposed  for  accu- 
rate determination.  White  1  describes  several  dikes  from  the  Blue 
Hills  and  Merrill 2  a  number  from  Nantasket.  They  seem  to  be,  for 
the  most  part,  normal  diabase  without  olivine. 

Crosby '  describes  119  diabase  dikes  in  Nantasket,  of  which  he  dis- 
tinguishes three  series:  (1)  A  pre-Carboniferous  group  cut  by  the 
Quincy  granite  (see  p.  185) ;  (2)  a  Carboniferous  group,  discussed 
here;  and  (3)  a  Triassic  group,  discussed  below  (pp.  272  et  seq.). 

Chemical  composition  of  diabase  (camptonose)  from  Rockport,  Mass.* 
[II.  S.  Washington,  analyst.] 
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QUANTITATIVE  CLASSIFICATION  OF  IGNEOUS  SOCKS  OF  EASTERN 

MASSACHUSETTS. 

The  following  tabular  arrangement  of  some  of  the  rocks  of  eastern 
Massachusetts,  in  accordance  with  the  quantitative  classification, 
brings  out  their  chemical  peculiarities  very  clearly: 

Classification  of  some  of  the  Carboniferous  igneous  neks  of  eastern  Massa- 
chusetts according  to  the  quantitative  system. 


Class. 

Order. 

Rant. 

8ohraag. 

1.  Parsalarje. 

4.  QnardoMie. 

1.  FeralkaUe... 

X  Bwf  tpotasric  (Bparose). 

1.  Persalane. 

4.  Quardolellc. 

2.  DamalkaltD. 

X  Sodlpotassfc  (toacsnoas). 

1.  Persalane. 

4.  QnardofeUe. 

2.  Domanmllr. 

4  Doeodfc  (lassenoae). 

\l.  Persalane. 

1.  Peralkallc... 

X  Sodipotassfc  (phtegraaa). 

1.  Persalane. 

8.  ParMfc  

1.  Peralkalic... 

4.  Doeodfc  (nordmarkDaa). 

1.  Persalane. 

«.  Lendofelle.. 

1.  PeralkaUc... 

4.  Doeodfc  (mfcsfcose). 

2.  Dosalane . 
2.  Dosalane . 
2.  Dosalane. 
2.  Dosalane . 
2.  Dosalane . 
1.  flaHamans 

&  Pertalto  .... 
8.  rerfalls 

8.  PerteUc  

6.  LsndoMle.. 
6.  Lendofalks.. 
a  Perteito  

1.  PeraTkalfc... 
1.  Peraftalic... 
4.  Docaloie. . . . 
j  DomaDralJe. 
X  ArkalicalcJo. 
X  Alkalfcak*. 

X  SedlpeOsgfcdHTlill). 
X  Dosodfc  (nmptaknaa). 
X  Paraodlc  (baaaoaa). 
4.  Doaodte  (aaaexoaai. 
X  Deaodk  (salamosaV 
4.  Doeodki  (cempton— ). 

Rock  type. 


Qutncy  granite  

ApUte  

Patsantte  

Ouartt  syenite  

Keratonhyra  

Quarts  syenite  porphyry . 

Nordmarklta.  

Akertta. 


RhyoUte  

HeArumltlo  polaakita. . . 

BOlvsbergtttk  

Pnlaaklte  

Foyalte  

SSrsberalta.  

Blotlte  dnfualte  

Foyalte  


Agirlte  ttnguaf  te  . . 

Umptaklta.  

Olauoophana  edTsberflte 

Oabhro  

Essexlte. .   

Hornblende  gabbro 
Dhbaaa  


»  Whlta.  T.  O.,  A  contribution  to  tha  petrography  of  the  Bostoa  Baala :  Boston  Sot  Rat. 
Hlat  Proc  toI.  28,  p.  14S,  1S8T. 

•  Merrill,  O.  P.,  Boston  Boc.  Nat  Hurt  Occasional  Papers  Vf,  ssi.  1,  pt  1.  p.  81.  UBS. 

•  Crosby,  W.  O.,  Nantasket  and  Cobaaaet  I  Boston  Boc  Nat  Hist  Occasional  Papers  IT, 
vol.  1,  pt  1,  pp.  128-181,  1898. 

•  Jour.  Otology,  vol.  7,  p.  880.  1888. 
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BEDROCK  BENEATH  CAPE  COD. 

Nothing  is  known  of  the  bedrock  beneath  Cape  Cod,  but  an  in- 
terl^ng  sugge^ion  as  to  its  character  or  that  of  the  rock  beneath 
th?ta  on Te  north  is  contained  in  an  article  by  Juhen •  on  the 
pebbTes  at  Harwich,  on  the  cape.  The  glacia  pebble,  consist  al- 
Zl  "holly  of  crystalline  rocks  in  considerable  ^\^  tlt 
however  three  types  predominate.  The  commonest  rock  is  a  coarse, 
tori'  -TI  specimens  porphyroidal,  which  grades  onto 
hornblenTe  monzonite.  Its  beared  form  seems  to  be  represented 
bibles  of  granite  gneiss  or  aplite  schist,  Without  mica,  and  a 
verv  few  of  fine  biotite  gneiss.  , 
Th  granite  appears  to  have  been  cut  by  two  sorts  of  dikes,  both 
of  wnicHre  repented  by  abundant  pebbles.  One  sort  consiste 
of  pinkish  rhyolite  porphyry,  white  felsite,  or  finely  *"ped  rhyo- 
Ute!  whose  sheared  form  appears  to  be  a  white  phylhtic  gneisj 
w*n  a  minute  augen  texture.  The  other  is  rather  fine  grained 
eabbro  made  up  of  white  feldspar  and  a  greenish -black  hornblende- 
Uke  mineral  When  sheared  it  passes  into  hard 
monly  decidedly  schistose,  and  perhaps  into  banded  schist  ihere 
.re  also  several  sorts  of  finely  crystalline  schist,  probably  metamor- 
phic  a  few  small  grains  of  serpentine,  and  some  flakes  of  blue- 
black  argillite.  All  these  rocks  are  notably  poor  in  mica  of  any 
kind,  and  no  mica  is  found  even  in  the  sands  and  clays,  at  least  in 
flakes  visible  to  the  naked  eye.  .  . 

On  the  other  hand,  pebbles  of  the  rocks  characteristic  of  east- 
em  Massachusetts  have  not  been  found  on  Cape  Cod,  i in  spite of 
careful  search,  but  Mr.  Keith  has  called  my  attention  to  the  fact  that 
rocks  of  the  types  described  above  are  found  near  Portland,  Maine, 
except  the  white  rhyolite. 

LATE  CARBONIFEROUS  MET5IOSI1JCIC  AND  SOT^UCIC 
IGNEOUS  BOCKS  OF  CENTRAL  AND  WESTERN  MASSA- 
CHUSETTS. 

BXLGHXBTOWN  TO  HAUTE  AND  ASSOCIATED  HOC**, 
GENERAL  CHARACTER. 

A  stock  of  tonalite  (the  Belchertown  tonalite)  8  mile*  square, 
associated  with  more  mafic  rocks  (the  whole  like  the  so-called  "  Cort- 
landt  series  "  on  the  Hudson),  occupies  a  position  along  the  eastern 
border  fault  of  the  Connecticut  Valley  and  is  balanced  by  the  amiUr 
tonalite  in  Hatfield  along  the  western  border  fault  A  narrow  belt 
of  tonalite  extends  from  the  northwest  corner  of  the  stock 


» Iilla,  A  A,  Sctoom,  m«  w»,  *oL  M.  P.  Mt  1W. 
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miles  northward  nlong  the  eastern  fault  to  North  Leverett  and 
another  extends  30  miles  southward  along  the  same  fault  into  Con- 
necticut. The  great  stock  of  the  Prescott  diorite,  which  is  asso- 
ciated with  the  tonalite,  lies  along  the  Swift  River  fault,  next  east, 
which  starts  at  the  northeast  corner  of  the  Belchertown  stock  and 
is  accompanied  by  much  hornblende  granite  that  may  be  associated 
.with  the  tonalite  series. 

Broad  belts  of  subsilicic  rocks— pyroxenite,  hornblendite,  and 
cortlandtite— appear  in  the  mass.  They  blend  with  the  tonalite  and 
have  the  aspect  of  segregations,  rather  than  of  dikes.  Except  norite 
all  the  types  of  the  "Cortlandt  series"  appear  here.   Norite  is  the 
principal  type  in  the  Hudson  River  area  but  tonalite  is  here. 
Within  a  radius  of  12  miles  are  several  large  stocks  of  olivine  gab- 
bro,  wehrhte,  enstatite  hornblendite,  picrite,  and  saxonite,  and  sub- 
silicic  rocks  are  then  absent  for  many  miles.   All  these  masses  are 
assumed  to  be  offshoots  of  the  same  parent  magma  and  to  form 
a  disconnected  selvage  of  subsilicic  differentiates  of  the  main 
tonulh  BUtSC*  ."hn*  cn-fea*  »tl)  uf  hamft'iyet  mm  *in*i>m  xatL* 
The  adjacent  Amherst  schist  projects  out  over  the  main  tonalite 
mass  and  becomes  coarsely  fibrolitie,  and  an  area  of  mica  schist  and 
highly  crystalline  limestone  rests  on  the  tonalite  near  its  center  It 
is  therefore  assumed  that  the  tonalite,  as  well  as  the  whole  group  of 
subsilicic  dikes^  was  erupted  in  late  Carboniferous  or  post.  Carbon- 
iferous fame.  All  the  members  of  the  group  cut  the  Brimlld  sch£, 

for^«~  U  k6  CarbTfcrou*  Th«  assumption  of  such^an^ 
for  the  saxonite,  however,  involves  a  somewhat  hazardous  hypothesis! 
for  the  saxonite  masses  are  surrounded  by  Pelham  gnuiitTwS 

inclulm, thJ  l  ^,te^?  .tha<  ^  .Present  masses  are  huge 
indusions  that  w,re  1DVoIvcd  in  the  ^  ^  £ 

^  09  LrME*™*  OS  THE  D1PTERXNTIATION  OF  THE  MAEIC 

ir».  .1  >i  ffftA]"**??**^  yy>«w  .NT7tr»f 

tJpO?**  P^«W«  expl*natfori  of  the  mafic  variants  U  that  at 


210  GEOLOGY  OF  MASSACHUSETTS  AND  RHODE  ISLAND. 

calcium  carbonate  and  much  green  granular  pyroxene.  The  lime- 
stone grades  into  a  green  pyroxcne-plagioclase  rock.  The  hornblende 
pyroxenite  and  that  with  luster-mottled  plates  of  biotite  from  the 
large  adjacent  area  show  in  every  thin  section  grains  of  original 
calcite,  even  in  the  pyroxene.  On  the  east  slope  of  the  hill  a  mile 
northwest  of  Belchertown  the  same  green  pyroxenite  is  so  full  of 
calcite  that  it  weathers  to  a  spongy  friable  mass.  The  freshest  cort; 
landtite  effervesces  with  acid. 

The  hornblendite  2  miles  east  of  Belchertown  contains  6-inch  nod- 
ules made  up  of  green  diopside,  dark  hornblende,  chabazite,  and 
scolecite,  all  intercrystallized  in  a  loosely  porous  mass  of  shining- 
faced  crystals,  with  fresh  diopside  grains  bristling  on  the  fresh 
zeolites.  Doubtless  a  block  of  limestone  has  been  altered  in  the 
magma,  its  water  promoting  the  formation  of  zeolites  and  producing 
perhaps  the  porous  structure,  for  the  wholly  fresh  surfaces  and  lack 
of  rust  or  tarnish  show  that  this  structure  is  not  the  result  of  the 
recent  leaching  of  a  calcite  remnant  in  which  zeolites  had  formed. 

These  variants  are  not  found  in  the  eastern  and  western  belts  of 
subsilicic  rock  but  are  found  in  the  middle  belt,  just  where  the 
Bernards  ton  formation  crosses  it 

CRUSH  ZONES  OF  THE  TONALITE  ALONG  THE  GREAT  VALUET  FAULTS. 

The  Connecticut  Valley  is  a  sunken  area  or  graben,  bounded  on 
the  east  and  west  sides  by  normal  faults,  and  similar  f aulU  bound  the 
valley  next  to  it  on  the  east,  that  of  Swift  River. 

These  faults  have  not  only  been  the  loci  of  considerable  and  long- 
continued  movements,  but  the  fault  fissures  have  in  places  been  the 
channels  through  which  a  mediosilicic  magma  has  been  extruded. 
On  the  one  hand,  great  stocks  of  tonalite  and  diorito  have  come  up  in 
Belchertown,  Hatfield,  and  Prescott,  and,  on  the  other  hand,  the 
tonalite  has  filled  the  fissures  for  many  miles,  and  intrusion  and 
mashing  have  alternated  with  each  other  for  a  distance  of  more  than 
30  miles  from  a  point  east  of  Mount  Toby  southward  into  Connecti- 
cut The  east  side  of  the  valley  is  bounded  by  a  crush  zone,  in  places 
100  rods  wide,  where  the  tonalite  has  been  mashed  into  ■mall  angular 
fragments  and  changed  into  chlorite  gneiss  or  green  chloritic  horn- 
stone,  locally  called  Shay'a  flint  (from  its  use  in  Shny'f  rebellion), 
and  extensive  veins  of  epidotic  quart*  and  calcite  haw  been  de- 
veloped and  subordinate  mineralization  and  the  formation  of  zeolites 
have  occurred.  The  rocks  from  all  these  localities  show  in  thin  sec- 
tions much  secondary  calcite  and  chlorite  with  shreds  of  biota  te  and 
hornblende,  saussnrkic  feldspars  "whose  twin  banding  is  obliterated 
or  much  twisted,  and  rare  remnants  Of  an  original  pyroxene. 
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In  the  Swift  Biver  valley  the  crush  zone  is  well  developed  on  the 
west  slope  of  the  high  hills  south  of  Cooleyville  and  continues  south 
in  the  high  bluffs  for  several  miles.  It  is  shown  exceptionally  well 
in  the  city  quarry  at  the  north  boundary  of  Northampton.  The  zone 
of  extreme  crushing  passes  through  Baggs  Hill,  where  it  is  100  rods 
wide,  and  along  the  western  border  of  the  Belchertown  area,  where 
it  contains  very  thick  quartz  veins.  The  tonalite  is  completely 
gneissoid  for  a  mile  farther  east 

BELCHERTOWN  TONALITE  AND  ITS  VARIANTS. 

T onalite. — The  Belchertown  tonalite,  named  for  its  occurrence  at 
Belchertown,  is  a  quartz-hornblende-biotite  diorite  in  which  the 
hornblende  is  commonly  secondary  after  diallage.  It  is  light  gray, 
completely  granular,  and  of  medium,  regular  grain.  Some  of  the 
quartz  is  amethystine  and  blends  with  the  bright  green  of  the  horn- 
blende to  form  a  beautiful  rock.  Much  of  the  rock  is  full  of  small 
aplite  dikes  or  is  silicified  along  a  network  of  old  fissures  so  that  it 
is  strongly  ribbed  on  weathered  surfaces. 

Microscopically  the  quartz  is  full  of  rigid  needles  and  appears 
also  in  micrographic  growths.  The  principal  feldspar  is  a  doubly 
twinned,  rather  alkali c  plagioclase  and  the  orthoclase  is  a  fine- 
grained microperthite.  The  diallage  is  in  large  grains  or  crystals 
full  of  red-brown  rods  or  plates  which  are  inherited  by  the  secondary 
hornblende.  The  rock  is  commonly  much  saussuritized  and  full  of 
quartz-epidote  veins.  Crystals  of  titanite  and  large  ones  of  apatite 
appear.  Many  xenoliths  of  pyroxenite  and  hornblendite  like  the 
main  mafic  mass  appear  in  the  tonalite.  The  tonalite  has  altered  the 
adjacent  mica  schist  along  the  contact  to  coarse  fibrolite  schist  with 
fibrolite  blades  2  to  3  inches  long  and  half  an  inch  wide.  There  is 
much  granular  epidote  rock  along  the  border. 

A  mile  northeast  of  Scantic,  in  Hampden,  a  20- foot  dike  of  tonalite 
trends  N.  20°  E.  along  the  500-foot  contour  and  near  the  great  east- 
ern border  fault,  along  which  all  the  tonalite  appears  farther  north. 
A  quarter  of  the  surface  consists  of  squarish  grains  of  shining  black 
.pyroxene  embedded  in  a  white  fine-grained  groundmass,  very  loose 
textured  and  so  fresh  that  quartz  and  feldspar  can  not  be  distin- 

T onalite  apliU.—k  broad  band  of  tonalite  aplite— a  beautiful 
fine-grained,  pearl-gray,  wholly  massive  rock— is  exposed  along  the 
south  border  of  the  main  mass.  In  thin  sections  it  shows  small 
phenocrysts  of  diallage  and  zonal  plagioclase  in  a  graaophyric 
groundmass.  Generally  the  diallage  has  been  recrystallized  into  an 
aggregate  of  grains  of  augite  and  magnetite  or  into  blades  of 
hornblende. 
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Cortlandtite  or  olinne-hornbUnde  pyroxenite -In  the  midd 
the  tonalite  at  D.  Griffin's  place  at  the  en d  of  a  blind  road [e, 
of  Rock  Rimmon,  among  the  Facing  Hi  Is  the  ton.hte  grades 
cortlandtite  through  decrease  in  and  lack  *  'eld^r  The  ro 
coarse  grained  and  contains  great  plates  of  hornblende,  luster 
tied  by  pvroxene  and  by  resorbed  grains  of  olivine  containing  sj 
A  -neen  pyroxene,  commonly  black  bordered,  is  the  chief  const* 
Flat  sheets,  an  inch  square,  of  minute  biotite  scales  divide  the 
mto  6-sided  to  12-sided  polyhedral  forms  1  to  2  inches  in  dian 
into  which  it  falls  apart  on  weathering. 

Pyroxenitc.—K  porphvritic  hornblende  pyroxenite  occurs  at  J .  * 
Haskell's  place,  west  of  Belchertown  Center.  The  pyroxene  is  fil 
diallage  with  central  inclosures,  and  the  large,  stout,  dark-green  1 
blende  crystals  with  black  borders  are  porphynbc  in  the  leek-j 
granular  pyroxene, 

Hornblenditt.—JuSt  west  of  the  cortlandtite  is  an  area  of  1 
blendite— a  blackish-green  rock  very  like  the  mafic  segrega 
from  a  locality  2J  miles  southeast  of  Forge  Pond  at  the  north 
of  the  area  but  containing  a  little  titanite  and  small  perfect  crj 
of  allanite,  surrounded  by  rust-brown  borders  and  radiating  fist 
Great  dikes  of  coarse-grained,  highly  pjagioclasic,  tourmaline 
dered  pegmatite  outcrop  near  each  of  these  localities,  and  the  : 
may  have  some  genetic  relation  to  each  other. 

Pyroxene  hornblendUe.—Venr  the  center  and  more  abundi 
near  the  borders  of  the  cortlandtite  mass  are  areas  of  pyroxene  1 
blendite— a  rock  composed  of  an  aggregate  of  stout,  rather  1 
green  hornblende  blades  with  much  pyroxene,  cut,  except  nea 
border,  by  the  large  biotite  plates. 

DiaUage-albite  gabbro.— Large  bowlders  of  diallage-alDite 
bro— a  rock  forming  a  transition  from  the  tonalite  to  the  pyrt 
i tee— are  found  in  the  ^northern  part  of  Belchertown.   The  I 
crystals  of  albite  just  isoTatTlhe  large  leek-green  diallage  cry 
which  are  bordered  by  black  hornblende  oriented  to  the  diallage. 
albite  contains  uncommonly  large  crystals  of  apatite,  many  of 
half  an  inch  long,  titanite  crystals  half  an  inch  square;,  p* 
zircons,  and  a  little  granophjrric  quartz. 

Chemical  character.— -The  chemical  character  of  the  Belcher 
tonalite  and  some  of  the  associated  rocks  is  shown  by  the  folio 
tabulated  results  of  analyses,  which  include  also  one  of  the  rock  jm-\I 
described,  the  olivine  gabbrp  of  New  Braintree. 
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Chemical  composition  o/  Belchertown  tonalite  and  associated  rock*. 
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1 .  Belchertown  tonalite  (andose);  Just  Berth  of  Thraa  Rlrers.  Bekhortown;  fra*,  medium  framed, 
slightly  amethystine;  the  lani  shows  dark  bronsy  diallaco,  brlcit-ereen  hornblende,  and  enifLhyttiiie 


t;  beautiful  daep-pw  epldoU-vetoed 


quarts.  William  Orr,  Jr.,  analyst;  Amherst  Colleee  laboratory. 

2.  Seme;  F.  H.  Flits,  analyst;  Amherst  Callage  leborato 

3.  Baicbartown  tonal  lie  (nodose);  nn—oaili  east  of  BouOj 
rack.  L.  O.  Kaktos,  analyst,  U.  B.  Oaoi.  Barrey 

4.  Coarse  sauasuritic  quart*  dlorlta  (> 
analyst.  U.  8.  OosL  Surrey. 

5.  Wehrttte  (eookoae);  2)  mOas  southwest  of  New  Bramtretr.  L.  O.  Eaktas.  analyst,  V.  8.  OeaL 

6.  Cor tUndtlu  (beicheroeek  ~ 
oUrma,  bloUta,  aad  black  era. 


e),  much  crushed;  east  of  Lererett  Center.   L.  O. 


.i 


teeLfturrwy. 

U  D  OrimrtaeaoemBeecnortoa^koaaestaia^arasl,  e»  tarwraanday 
L.  O.  KakmsTacalytl,  V.  8.  OeoL  Surrey. 


OLTV1NX  0  ABB  BO  AND  WEHSUTE. 

A  number  of  isolated  dikes  and  great  bosses  of  gabbroid  rocks 
which  duplicate  the  more  mafic  types  of  the  "  Cortlandt  series  n  are 
scattered  across  southern  Worcester  County.  The  rocks  are  found  in 
the  midst  of  the  schists  or  the  granites  and  show  no  definite  rela- 
tions to  any  other  rocks.  They  are  characterized  by  abundant 
rich  brown  hornblende  having  a  large  extinction  angle,  commonly 
in  very  large  plates  and  much  of  it  poikilitic,  which  may  or  may  not 
be  accompanied  by  grains  of  pyroxene,  plagioclase,  and  olivine. 
However,  even  where  plagioclase  alone  is  present  with  the  horn* 
blende  it  is  highly  calcic  and  the  rock  is  so  near  to  the  common  type 
that  it  can  best  be  classed  with  the  gabbros. 

The  gabbro  occurs  typically  in  a  great  volcanic  core,  350  by  680 
feet  in  area,  which  forms  a  conspicuous  black  mesa-like  elevation, 
in  the  white  granite,  2 J  miles  south  of  New  Braintree  village,  A 
great  dike,  40  feet  thick,  outcrops  1}  miles  south  of  the  village,  and 
many  bowlders  of  the  rock  are  to  be  seen  between  that  point  and  the, 
village.  . 

The  rock  is  a  brown-black,  medium-grained  to  coarse-grained, 
fresh,  lustrous  gabbro,  in  many  places  showing  brilliant  luster- 
mottled  surfaces  like  the  peridotites  of  the  «  Cortlandt  series."  It 
contains  calcic  plagioclase,  enstatite,  augite,  biotite,  olivine,  apatite, 
chromite,  magnetite,  and  pyrrhotite.  The  pbgioclaae,  which  is 
everywhere  tubordinste,  it  in  two  generations.  It  occurs  in  rounded 
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resorbed  grains  luster-mottling  the  other  constituents  and  in  later- 
formed  grains  against  which  the  latest-formed  minerals  are  molded. 
The  olivine  occurs  in  large  rounded  grains  luster-mottling  the 
augite-hornblende  plates  or  in  large  irregular  forms  with  fine  cleav- 
age. Reaction  rims  are  developed  in  great  beauty  and  complexity. 
A  broad  contact  zone  of  small,  stout,  colorless  augite  crystals  has 
formed  between  plagioclase  and  olivine  exactly  as  in  the  rocks  of 
the  "Cortlandt  series."  A  remarkable  double  reaction  zone  was 
formed  where  augite  and  plagioclase  are  in  contact,  consisting  of  a 
zone  of  hornblende  separated  from  the  unchanged  augite  by  a  zone 
of  equal  thickness  of  finely  fibrous  diallage. 

The  chemical  composition  of  this  rock  is  shown  in  the  tabulated 
results  of  analyses  given  on  page  213. 

DIALLAGE  HORN BLEN D ITE  AND  GABBRO. 

A  fresh  brownish-black  rock  of  coarse  to  very  coarse  granitoid 
texture  occurs  at  Fiskdale  in  Sturbridge,  at  the  first  branch  in  the 
road  past  Long  Pond  to  Brookfield.  It  forms  a  large,  rounded, 
homogeneous  mass,  the  boundaries  of  which  are  concealed. 

The  rock  is  a  diallage  hornblendite  showing  on  the  surface  squarish 
shining  cleavages  of  hornblende.  Under  the  microscope  it  is  seen 
to  be  almost  ideally  fresh.  The  dominant  mineral  is  red-brown 
hornblende  containing  but  few  inclusions— black  grains  and  rods. 
The  other  constituents  generally  luster-mottle  the  hornblende  in 
rounded  grains,  but  some  of  the  faintly  reddish  diallage  occurs  in 
large  plates.  The  centers  are  untwinned  augite  with  a  fine,  almost 
micaceous  cleavage.  The  feldspar  is  rare  and  highly  calcic  and  in 
places  biotite  is  abundant  in  large  scales. 

The  rock  of  the  great  stock  at  the  graphite  mine  in  Sturbridge  is 
of  the  Fiskdale  type,  a  fresh  brown-black  massive  rock  in  which  the 
shining  hornblende  blades  are  regularly  elongate,  giving  the  rock  an 
ophitic  aspect.  Some  of  it  is  so  coarse  that  bronzy  luster-mottled 
cleavages  of  typical  diallage  exactly  like  that  of  Veltlin  and  an  inch 
square  are  abundant  The  hornblende  is  in  broad  plates  with  strong 
pleochroism.  Much  of  it  is  regularly  twinned  and  is  centrally 
crowded  with  black  rods  and  grains.  Both  it  and  the  diallage  are 
luster-mottled  by  rounded  grains  of  plagioclase,  which,  however,  can 
not  be  much  earlier,  because  in  many  places  it  swarms  with  rounded 
blebs  of  the  hornblende.  Some  magnetite,  pyrite,  and  calcite  grains 
are  scattered  through  the  rock. 

8TEATTTB  WITH  KOXSCHABOFTTTE. 

The  large  steatite  (soapstone)  bed  at  the  east  foot  of  Soapetone 
Hill,  in  North  Dana,  has  been  extensively  quarried.   It  is  a  great 
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rounded  mass,  50  by  150  feet  in  area,  in  the  Monson  granodiorite. 
The  microscope  reveals  good  evidence  of  the  derivation  of  the  rock 
from  an  olivine  gabbro,  the  secondary  magnetite  grains  being  ar- 
ranged in  a  network  of  squarish  pyroxene  crystals  or  in  irregular 
meshes  suggesting  olivine,  and  opaque  white  areas  suggest  altered 
feldspar.  The  rock  is  largely  changed  into  a  gray,  fibrous  mineral 
with  the  composition  of  kokscharoffite,  which  has  altered  to  steatite. 
Its  chemical  composition  is  given  below: 

Chemical  composition  of  steatite,  Soapstone  Htll.  North  Dana,  Mast. 
(L  G.  EakiM,  analyst.] 
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PRESCOTT  DIORITE. 


Packard  Mountain,  in  Prescott,  is  formed  by  a  stock  of  diorite,  3 
miles  long  and  a  mile  wide,  of  unique  type.  Its  central  part  con- 
sists of  massive,  brownish-black,  highly  feldspathic  rock,  like  a 
diabase  but  with  brown  interstitial  hornblende  in  place  of  pyroxene. 
The  hornblende  is  original,  for  in  a  large  part  of  the  mass  it  forms 
crystals  more  than  half  an  inch  square  which  envelop  many  labra- 
dorite  rods.  The  hornblende  crystals  are  invariably  much  dusted 
in  the  central  third  with  black  ore  and  grade  into  a  colorless  border. 
A  few  cores  of  pale-green  pyroxene  appear  in  the  hornblende,  and 
menaocanite  and  rutile,  with  leucoxene  border,  are  abundant1 

In  its  southwestern  part  the  diorite  is  a  coarse  white  gabbroid 
rock,  now  saussuritac,  composed  largely  of  much  altered  sodic  plagio- 
clase, containing  much  wernerite,  and  distant  tufts  of  actinolHe, 
derived  from  the  brown  hornblende.  This  rock  forms  s  narrow 
border  around  the  entire  mass,  which  lies  along  an  important  fault 
fissure  extending  northward  from  the  Belchertown  tonalite  mass, 
and  seems  to  be  in  close  relation  to  that  rode.  The  two  rocks  have 
such  common  peculiarities  as  the  luster-mottling  and  the  central 
dusting  of  the  hornblende. 


sAXONrrc 


-na*f»i«t 


A  great  block  of  black  saxoni  te  is  included  in  the  Pelham  granite 
in  Pelham,  a  mile  southwest  of  Mount  Lincoln,  and  is  locally  known 
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as  the  asbestos  mine.  (See  p.  160.)  It  has  been  much  for 
asbestos  and  corundum  and  has  been  opened  for ^  about  200  feet 
along  the  strike  of  the  gneiss  and  is  exposed  for  a  breadth  of  40  or 
50  feet  Other  similar  masses  occur  in  Shutesbury,  Pelham,  Leverett, 
New  Salem,  and  Wilbraham.  The  Pelham  body  has  been  described 

in  detail  elsewhere.1  . 

The  rock  is  composed  of  colorless  granular  olivine,  blackened  by 
abundant  chromite  and  magnetite  and  containing  porphyritic  plates 
of  bronzy  enstatite.  Between  it  and  the  gneiss  a  thick  contact  zone, 
a  "reaction  rim"  on  a  grand  scale,  has  been  developed,  whose 
marked  peculiarities  are  due  to  the  strong  contrast  between  the  highly 
siliceous  gneiss  and  the  highly  mafic  saxonite,  which  contains  only 
38  per  cent  of  silica.  Near  the  contact  with  the  saxonite  the  granite 
gneiss  is  more  massive,  less  biotitic  and  quartzose,  and  resembles  a 
granular  andesite  (silica  57.26  per  cent,  lime  8.7  per  cent),  and  next 
the  contact  it  grades  into  a  layer,  in  many  places  2  to  3  feet  thick, 
of  snow-white,  very  fine  grained  anorthite  (indianite,  lime  19.4  per 
cent).  This  contact  layer  is  commonly  flesh-red  from  finely  dis- 
seminated rutile  or  gray  from  the  fine  dust  of  tourmaline  and 
wrinkling  around  many  small  blades  of  allanite.  Near  its  inner 
border  is  an  interrupted  layer  of  jet-black,  coarsely  massive  tour- 
maline, in  many  places  2  feet  thick.  The  tourmaline  occurs  in  im- 
perfect crystals  some  of  which  are  a  foot  long  and  the  tourmaline 
layer  contains  small  crystals  of  apatite  and  zoisite,  some  of  the 
apatite  prisms  being  2  inches  in  diameter.  The  anorthite  layer  is 
separated  from  the  saxonite  by  a  layer  of  coarsely  matted,  red-brown 
biotite,  generally  4  to  6  inches  but  in  place*  4  feet  thick,  containing 
many  nodules  of  dark-green  fibrous  actinolite  and  large  nodules  and 
crystals  of  corundum,  commonly  flecked  with  deep  sapphire  blae. 
As  the  thick  contact  zone  seems  wholly  out  of  proportion  to  the  small 
size  of  the  blocks  of  saxonite,  it  is  assumed  thai  they  are  nvmhwe  of 
the  older  group  of  the  Bekhertown  tonalite  and  associated  rocks  end 
are  ijvlnsiopp  in  the  granite,  and  that  the  contact  zone  was  developed 
in  the  granite  when  the  rock  was  irrupted. 

The  saxonite  also  has  suffered  a  curious  change  in  s  layer  frees  I 
to  12  feet  thick.  It  was  broken  info  a  mass  of  blocks  and,  starting 
from  fissures,  has  been  altered  info  colorless  fibrous  anthophyilite, 
which  new  forms  a  network  made  up  of  fibers  set  at  right  angles  to 
the  broad  surfaces  and  meeting  in  the  middle  in  a.  enters  which 
represents  the  original  fissure.  This  anthophyilite  is  the  asbestos 
which  is  mined,  and  its  fibers  are  in  places  so  fine  that  the  mess  has 
a  lignifonn  appearance  and  blocks  are  obtained  in  which  the  fibers 
ar*  mors  than  f  feet  long.  All  thiMjaraakdne  to  early  alteration. 
 — -r*  1  1       -'  *  'i 
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Later,  by  the  action  of  percolating  surface  water,  the  olivine  has 
changed  to  villarsite  and  serpentine,  the  biotite  to  vermiculite,  and 
the  allanite  to  red  gummite,  while  the  apatite  and  anorthite  have 
been  bleached  and  the  asbestos  has  been  softened  and  hydrated. 

In  Wilbraham,  1|  miles  south  of  Ellis  Mills,  are  several  old 
Indian  soapstone  quarries  in  which  conditions  sre  very  similar  to 
those  nt  the  Pelham  asbestos  mine.  One  common  variety  of  rock 
there  is  full  of  remnants  of  olivine,  another  is  a  diallage  rock  pass- 
ing into  a  hornWendite,  a  third  is  a  light  grass-green  granular 
pyroxenite,  and  a  fourth  is  a  coarse  massive  biotite  rock.  The  first- 
named  and  last-named  varieties,  in  an  altered  state,  furnished  the 
soapstone  for  the  Indian  pots. 

These  blocks  of  saxonite  are  correlated  in  age  with  the  similar 
rocks  associated  with  the  Belchertown  tonalite,  which  are  older  than 
the  Pelham  granite,  and  their  position  surrounding  the  tonalite 
favors  this  view.  In  sddition  to  this  evidence,  several  of  the  Bel- 
chertown types,  such  as  the  pyroxenite  and  hornblendite,  are  found 
in  similar  relations.  The  blocks  hsve  very  irregular  shapes  and 
pmall  blocks  lie  adjacent  to  the  large  ones  in  the  granite  gneiss.  The 
thorough  Assuring  which  aided  the  formation  of  the  anthophyilite 
may  have  been  due  to  the  heating  of  the  blocks  by  the  granite  magma. 
All  these  structures  seem  to  indicate  that  the  masses  are  inclusions, 
and  they  present  an  appearance  very  unlike  that  of  small  dikes  in 
the  uncruahed  granite.  The  main  argument,  however,  must  be 
drawn  from  the  great  extent  of  the  contact  alteration  described 
above,  which  seems  to  have  been  out  of.  ell  proportion  to  the  heat 
effect  that  could  have  been  produced  by  the  small  masses  of  saxonite, 
if  they  were  intrusive,  and  which  is  wholly  wanting  where 
olivine- bearing  rocks  invade  the  adjacent  sotnsts. 

Two  small  dikes  of  altered  mica  trap  that  cut  Carfcoeifereus  shale 
are  described  by  Pirsson  from  Hulls  Cove  and  Austin  Hollow,  on 
Conanicut  Island,  B.  I.»  The  roe*  consists  of  orthoclase  and  biotite 
with  some  plagiocla*,  apatite,  rirocrx' pyrite,  titanlte,' end  altera- 
tionproducts,  as  described  by  Lahee,  who  found  seven  such  dikes,  six 
of  them  cutting  the  fine  greenish  Carbonrferoda  schist  and  onTeut- 
ting  the  p re-Carboniferous  granite.*        ">         fo  w  1  W.nyvi 

 M  •   ■  ,,     '   r 
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Chemical  composition  of  minette,  Bull*  Cove,  Conanicut  Island,  It.  I. 
[U  V.  Plrsaon,  analyst] 
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GRANITES. 

GENERAL  RELATIONS. 

About  one-half  of  that  part  of  Massachusetts  which  lies  between 
the  pre-Cambrian  rocks  of  the  western  upland  and  the 
raded  by  the  Devonian  (!)  igneous  complex  of  eastern  Massachusetts, 
excluding  the  area  of  Triassic  rocks  in  the  Connecfacut  Valley,  is 
occupied  by  granite  and  associated  igneous  rocks.   The  rocks  occur 
in  elongate  oval  or  lenticular  areas,  mostly  large,  and  some  of  them 
occupying  many  square  miles  of  territory.  The  larger  areas  extend 
northward  into  New  Hampshire  or  southward  into  Connecticut 
The  granites  and  associated  rocks  are  intruded  into  the  surround- 
ing formations  and  are,  except  a  few  trap  dikes,  the  youngest  in- 
durated rocks  of  the  State,  again  excluding  the  Triassic  rocks. 
Although  including  a  considerable  number  of  varieties,  they  are  all 
of  the  same  general  lithologic  character,  being  almost  wholly  mns- 
covitic  or  biotitic  rocks  of  rather  alkalic  composition  and  showing 
a  tendency  toward  foliated  and  porphyritic  textures.   As  they  are 
of  the  same  general  character  and  display  the  same  intrusive  rela- 
tions to  the  surrounding  rocks,  they  axe  regarded  as  of  the  same 
general  age  and  are  grouped  together.   Some  of  the  granites  are 
certainly  intruded  into  the  Carboniferous  strata  of  the  Worcester 
and  Merrimack  troughs  and  are  therefore  late  Carboniferous  or  post- 
Carboniferous,  and  the  whole  assemblage  of  these  rocks  is  there, 
fore  regarded  as  of  that  age. 

In  a  general  way  these  rocks  display  a  rough  relation  between 
their  geographic  position  and  their  lithologic  character,  and  for 
convenience  in  description  they  are  therefore  separated  on  such  a 
double  basis  into  eight  groups, 
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EASTERN  MUSCOVITE  QBANITES  AND  ASSOCIATED  DIO RITES. 
GENERAL  CHARACTER. 

The  late  Carboniferous  granites  of  the  region  lying  east  of  and 
including  the  Worcester  trough  are  all  of  the  same  general  type.  They 
are  characteristically  biotite-muscovite  granites,  in  many  places 
porphyritic  and  not  uncommonly  somewhat  gneissoid,  and  are  ac- 
companied by  slightly  younger  peguiatitic  intrusions.  In  several 
areas  they  are  associated  with  somewhat  older  dioritic  rocks,  which, 
nevertheless,  appear  to  be  comagmatic  with  and  of  the  same  general 
age  as  the  granites. 

The  rocks  occur  in  a  series  of  large  areas,  some  of  them  several 
miles  wide  and  many  miles  long,  that  extend  from  a  point  near  Dover, 
N.  H.,  southwestward  across  New  Hampshire  and  Massachusetts 
into  eastern  Connecticut  and  thence  across  southwestern  Rhode  Island 
to  the  coast  The  granites  and  pegmatites  also  occur  in  innumerable 
dikes  and  small  intrusive  sheets  and  lenses  of  all  sizes  cutting  the 
intervening  rocks.  So  extensive  was  this  granitic  invasion  that  in 
the  areas  occupied  by  the  "Bolton"  gneiss,  by  the  strata  of  the 
Merrimack  trough,  and  by  the  gneisses  and  schists  lying  between  the 
Merrimack  and  Worcester  troughs,  scarcely  an  outcrop  can  be  found 
without  one  or  more  intrusive  bodies  of  granite  or  pegmatite.  The 
rocks  of  the  Worcester  trough  have  not  been  so  extensively  invaded 
by  small  bodies  of  granite,  but  dikes  and  veins  of  pegmatite  are  fairly 

common  in  them. 

,  vim 

Although  of  the  same  general  type  and  age,  the  rocks  of  different 
parts  of  the  region  display  certain  characteristics  on  the  basis  of 
which  they  have  been  separated  into  formations.  Those  of  the  areas 
east  of  the  Merrimack  trough  are  mapped  as  Andover  granite  and 
Straw  Hollow  diorite,  those  of  the  areas  in  and  west  of  that  trough 
as  Ayer  gran(te  and  Dracut  diorite,  and  those  of  southwestern  Rhode 
Island  as  Sterling  granite  gneiss  and  Westerly  granite. 

U  BOLTON  "  GNEISS. 

The  u  Bolton  w  gneiss  seems  to  me  to  be  a  superficial  variant  of  the 
Andover  granite  caused  by  its  contact  reaction  with  a  cover  of  Brim- 
6eld  and  Paxton  schists,  now  mostly  eroded.  If  this  view  is  correct 
it  should  be  treated  here,  but  because  of  the  disagreement  as  to  its 
origin  it  is  described  with  other  rocks  of  undetermined  age  on  pages 
80-88. 

tTSAW  hollow  diobjtk. 

A  number  of  large  dikes  or  intrusive  lenses  and  sheets  of.  dioritic 
rock  occur  in  the  part  of  the  "  Bolton  "  gneiss  area  that  lies  between 
Hudson  and  Millbury,  in  the  Brimfield  schist  in  Northboro,  and  in 
the  Worcester  phyllite  W  Worcester  and,  Shrewsbury.  They  display' 
a  marked  tendency  to  occur  in,  alongside  of,  or  near  lenses  of  Brim* 
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field  schist,  and  the  rock  of  which  they  are  composed  appears  to  be 
.  border  variant  or  differentiate  of  the  Andover  granite  magma  and 
Leeway  to  owe  its  peculiar  character  to  its  occurrence  in  con- 
nection  with  the  schist  bodies.  . , 

The  rock  of  these  intrusive  masses  ranges  from  gray  gneissoid 
quartz  diorite  through  brown  and  black  t«plil»  rock,  to  hor»- 
blendite.  The  diorite  and  quartz  diorite  ordinarily  contai i  both 
olive-green  biotite  and  pale  secondary  hornblende.  The  rock  of 
some  masses  also  contains  diopside,  as  in  the  areas  near  Hudson 
That  of  the  great  dike  at  the  type  locality  at  Straw  Hollow  in 
\orthboro  is  porphvritic  and  contains  saussuritized  plagioclase 
phenocrysts  nearly  an  inch  long.  Under  the  microscope  it  is  seen 
to  be  composed  of  large  shapeless  patches  and  wisps  and  fasciculate 
groups  of  pale-green  actinolite,  and  this  mineral,  together  with  much 
roisite,  is  also  disseminated  evenly  through  the  large,  distinctly 
twinned,  and  uncrushed  feldspar  crystals.  Large  elongate  groups 
of  coarse  leucoxene  with  minute  centers  of  ore  are  very  common. 
The  actinolite  has  the  habit  of  that  mineral  in  schists,  and  presum- 
ably it  is  secondary  and  the  rock  has  been  altered  from  diabase  or 

^TbTlarge  mass -of  diorite  and  quartz  diorite  near  Clamshell  Pond, 
southeast  of  Clinton,  is  generally  schistose  or  gneissic  and  ranges 
from  amphibolite  to  quartz-mica  diorite.  It  is  irregularly  intruded 
into  the  Carboniferous  schists  and  in  places  contains  abundant  frag- 
ments of  other  rocks.  Although  lying  between  the  Merrimack  Mid 
Worcester  troughs  it  is  mapped  with  the  Straw  Hollow  diorite. 

Some  of  the  hornblendite  in  the  masses  near  Hudson  is  made  up 
of  close-set,  equant,  brown  hornblende  crystals  an  inch  on  .  side, 
many  of  them  poikilitic  and  with  splendent  cleavage.  The  horn- 
blende is  in  reality  almost  colorless  and  owes  its  apparent  color  to 
interposed  plates  of  biotite  and  hematite.  A  coarse  colorless,  doubly 
cleaving  diallage  is  common  in  trains  of  crystals  or  luster-mottling 
the  hornblende.  There  is  generally  no  ore  except  in  stout  rods  in  the 
hornblende  or  in  plates  in  the  diopside.  The  scanty  quarts  is  micro- 
graphic  and  labradorite  is  generally  present  Other  dikes  of  horn- 
blendite occur  in  Shrewsbury  and  Worcester  and  near  Thompson, 
Conn.  The  rock  is  everywhere  fresh  and  uncrushed. 

Axnovzs  OXASTnt. 

The  main  mas.  of  the  Andover  granite  occupies  a  roughly  rhombic 
area,  about  10  miles  on  .  ode,  having  its  corners  near  North  An- 
dover, MidcQeton,  Wilmington,  and  North  Tewksbury.  Several 
tonguelike  masses  project  from  its  southwestern  side,  for  a  number 
of  mile,  into  the  "Bolton"  gneiss  area  and  one,  the  southernmost, 
rctendi  in  t  narrow  bait  past  Concord  and  M.ynard  to  Hudson  and 
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Marlboro.  Many  long  thin  lenses  and  sheets  of  all  sizes,  down  to 
small  dikes,  are  intruded  into  the  rocks  of  the  u  Bolton  "  gneiss  com- 
plex and  a  few  of  the  largest  have  been  shown  on  the  geologic  map. 
Several  small  intrusive  masses  occur  also  in  the  Salem  gabbro-diorite 
and  the  Ncwburyport  quartz  diorite  in  Essex  County.  The  main 
mass  of  the  granite  lies  in  an  area  which  has  not  been  examined  in 
detail,  and  its  extent  and  relations  are  known  only  in  a  general  way. 
It  is,  in  fact,  possible  that  more  detailed  study  will  show  that  the 
area  now  mapped  as  one  is  in  reality  several,  separated  by  narrow 
belts  of  older  rocks. 

The  granite  is  typically  a  biotite-muscovite  granite  of  moderately 
coarse  and  generally  somewhat  uneven  grain.  It  is  generally,  but 
not  everywhere,  more  or  less  foliated,  and  in  many  places  is  strongly 
gneissic.  Portions  of  it  are  porphyritic,  and  aplitic  and  pegmatitic 
phases  abound,  both  as  irregular  schlieren  in  the  general  mass  and 
as  somewhat  later  dikes  and  veins  with  fairly  sharp  contacts.  Its 
color  ranges  from  nearly  white  to  dark  gray,  and  some  of  the  mote 
gneissic  phases  are  strongly  but  irregularly  banded  with  white  and 
almost  black  layers. 

The  rock  is  composed  essentially  of  feldspar,  quartz,  muscovite, 
and  biotite.  The  feldspars  are  generally  coarse  microcline  and 
•Ibite,  but  a  little  orthoclase  and  microperthito  are  found  in  some 
specimens.  Muscovite  is  nearly  everywhere  present,  but  consider* 
able  masses  of  the  rock  contain  little  or  no  biotite.  Both  micas  are 
ordinarily  rather  uniformly  distributed  through  the  rock  in  moder- 
ately small  flakes,  but  in  the  pegmatitic  phases  both  tend  to  be 
segregated  and  to  occur  in  large  plates,  aa  inch  or  so  across.  Garnet 
is  common  in  the  rock  and  is  abundant  in  the  pegmatites,  in  some 
of  which  it  reaches  a  considerable  development.  The  granite  also 
displays  .  greisrn  phase,  consisting  almost  wholly  of  quarts  and 
muscovite.  i  •  . 

wm.  J*  l     a  •""JOlW<jMMI  ,9I»<1'>J»THr»Od  '"• 

The  Andover  granite  is  intrusive  into  or  against  all  the  sur- 
rounding rocks  and  is,  so  far  as  known,  the  youngest  rock,,  with  the 
exception  of  a  few  trap  dikes,  in  the  region  in  which  it  occurs.  It 
has,  however,  been  folded,  and  faulted  along  with  the  neighboring 
older  rocks.  .    (        (f  ';  ^  ^T3"  \  i 

DtActrr  mown  and  associated  oabubo 

■•<!  1«*  |ieq  !r*«j»,.»i  nit.  m  U  \«        ./  .mtrt/.M  ...  (!  ..  )j^K\hm] 

The  name  Draco*  diorite,  taken  from  the  town  of  Dracut,  north 
of  Lowell,  is  applied  to  a  dioritic  rook,  with  associated  tonalitio  and 
noritio  phases,  which  seams  to  be  closely  related  to  the  Ayer  granite. 

The  rock  occur,  in  three  large  stocklike  masses  and  in  several 
•mall  stocks  or  dikes.  The  principal  mass,  which  ■  9  mile,  broad 
md  »  er  10  miles  long  and  of  roughly  rhomboidal  outline,  lies  just 
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north  of  Lowell  and  extends  from  the  neighborhood  of  North 
Chelmsford  northeastward  across  western  Dracut  and  possibly  into 
Pelham,  N.  IL  It  is  best  exposed  on  and  about  Ledge  Hill  in  the 
Pawtucketville  quarter  of  Lowell,  between  Ledge  Hill  and  Collins- 
ville.  and  on  Bump  and  Winter  hills  in  Dracut.  It  is  also  exposed 
on  both  sides  of  Merrimack  River  in  western  Lowell  and  in  North 
Chelmsford.  The  second  mass,  about  3  miles  broad  and  5  miles  long 
and  of  oval  outline,  extends  northeast  from  Lowell  to  the  Essex 
County  line.  It  is  best  exposed  in  the  hills  back  of  Bellegrove,  a 
villa«re  on  the  north  side  of  the  Merrimack  midway  between  Lowell 
and  Lawrence-  The  third  area,  which  lies  in  the  southwestern  part 
of  \a«hua.  N.  IL,  and  extends  into  Massachusetts,  shows  mostly  a 
dark  biotite  granite  gneiss  like  the  "Bolton,"  which  has  a  diorite 
border  like  the  Straw  Hollow  rock  (p.  219).  The  gneiss  grades 
downward  into  the  Ayer  granite.  The  diorite  is  best  exposed  north- 
east of  Lovewell  Pond  in  southwestern  Nashua  and  near  Hollis 
Depot  Small  intrusive  masses  or  dikes,  not  shown  on  the  map, 
occur  at  several  places  in  Lowell,  Dracut,  Dunstable,  and  Westford, 
and  in  Pelham,  N.  H. 

The  rock  displays  considerable  diversity  of  character  and  possibly 
some  rocks  not  properly  belonging  in  the  formation  have  been  in- 
cluded with  it  in  mapping.  The  commonest  and  most  widely  dis- 
tributed type  is  a  moderately  coarse  grained  biotitic  granodiorito  or 
quartz  diorite,  which  generally  contains  subordinate  angite  or  hyper- 
sthene  and  in  many  places  some  hornblende,  and  which  shows  a 
strong  tendency  toward  a  foliated  or  gneissic  structure.  This  phase 
grades  on  the  one  hand  into  rather  fine  grained  hornblende  dionte, 
in  most  places  rather  definitely  banded  or  schistose,  and  on  the  other 
hand  into  medium-grained  norito  or  hypersthene  gabbro,  having  a 
subporphyritic  texture  with  crystals  or  crystalline  aggregate*  of 
hvpersthene,  augite,  or  hornblende,  and  biotite,  in  a  finer-grained 
groundmass.  The  noritic  phase  is  characteristic  of  the  area  north- 
east of  LoweLL  It  is  far  from  uniform  in  texture  and  composition 
and  merges  in  places  into  a  fine-grained  hornblendic  rock.  It  is  not 
rneissic  but  is  characterized  by  schBeren  and  apparent  now-bandtng. 

No  contact,  of  what  is  certainly  Dracut  diorite  with  older  rocks 
have  been  observed,  but  north  of  Winter  Hill  in  Dracut  and  in  the 
adjacent  part  of  Pelham,  N.  H,  and  in  the  northern  partofDun^ 
.table  andnear  Hollis  Depot,  N.  Btj  the  biotite^eerta ischiat  and 
actinolito  enerteito  are  oat  by  dikes  or  aills  of  coarse  and  fine  gneuaac 
hornblende  diorite  of  ohe  Dracut  type,  Neer  Pine  Ridge  steUonm 
Westford  a  large  irregular  dike  of  the  same  type  of  dionte  cute  the 
Brimfield  achist  of  the  ShrtWBbery-Low.ll  belt.  Although  DO  mm- 
tacts  of  the  diorite  wife  the  adjacent  Merrimack  quarUito  have  been 
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seen,  the  areal  relations  of  the  two  formations  are  such  that  the  dio- 
rite is  probably  younger  than  and  intrusive  into  the  quartzite.  The 
noritic  mass  northeast  of  Lowell,  for  example,  is  nearly  surrounded 
by  the  quartzite,  which,  north  of  Christian  Hill,  is  deformed  as 
though  by  the  intrusion  of  the  diorite  mass  east  of  it,  and  an  apparent 
outcrop  of  diorite  in  the  western  part  of  Lowell  is  so  situated  that, 
unless  it  is  an  enormous  bowlder,  it  must  be  an  intrusion  in  the 
quartzite,  which  outcrops  on  both  sides  of  it,  though  no  contacts  are 
exposed. 

In  the  old  quarries  on  Ledge  Hill  and  in  some  other  places  the 
diorite  is  cut  by  dikes  of  pegmatite,  of  aplite  or  felsite,  and  of  dia- 
base of  probably  Triassic  age.  On  Bump  Hill,  and  near  Hollis 
Depot  and  Nashua,  N.  H,  it  is  cut  by  dikes  of  pegmatitic  granite  of 
the  Ayer  type.  On  the  other  hand,  the  diorite  at  Middlesex  station 
and  especially  that  in  North  Chelmsford  is  a  tonalite  or  granodiorito, 
intermediate  in  composition  between  the  diorite  of  Ledge  Hill  and 
the  Ayer  granite,  and  apparently  the  main  diorite  mass  merges  south- 
westward  through  this  rock  into  the  granite  of  the  Ayer-Tyngsboro 
ana.  This  view  is  strengthened  by  the  facts  that  in  several  places 
the  granite  of  that  area  is  distinctly  dioritic  and  that  the  dioritie 
portions  seem  to  be  without  definite  boundaries  and  to  merge  into 
the  normal  granite  on  all  sides. 

The  Dracut  diorite  is  believed  to  be  of  the  same  general  age  as 
the  Ayer  granite,  but  slightly  older,  and  to  represent  the  first  solid- 
ified and  more  mafic  portion  of  the  magma,  which  crystallized  into  a 
rock  richer  in  biotite  and  other  mafic  minerals  and  poorer  in  quarts 
and  orthoclase  than  the  normal  granite.  The  diorite,  therefore,  fike 
the  granite,  is  regarded  as  of  late  Carboniferous  or  post^  Carbonif- 
erous age,  a  conclusion  supported  by  its  apparently  intrusive  rela- 
tion to  the  Merrimack  quartzite  and  the  Brimfield  schist.  It  presum- 
ably extends  northeastward,  in  a  series  of  disconnected  areas,  well 
across  New  Hampshire.  The  so-called  syenite  of  Exeter  and  New- 
market in  New  Hampshire  is  a  similar  rock  of  apparently  the  same 
age,  as  are  also  small  diorite  masses  in  Salem  and  Atkinson,  N.  XL 
.tnvrfrjvi^  '■iTrtao**        ^O^^.V^SW  ot    Js5s''5!'ssriiK*  *  v{»fKf'>f~>  n 

AYXS  GRAN  ITS. 

Distribution. — The  Ayer  granite  occurs  in  several  detached  areas 
in  a  belt  extending  from  Hempstead,  N.  H,  through  Ayer  and 
Worcester,  Mass.,  into  Connecticut  The  type  area  extends  nearly 
half  the  length  of  the  belt,  or  from  Hempstead  to  a  point  between 
Harvard  and,  Bolton,  and  is  6  miles  across  at  its  widest  part,  between 
Westford  and  East  Groton.  Several  smaller  areas  lie  north  of  and 
in  general  parallel  to  it,  and  in  New  Hampshire  it  divides  into  long, 
tapering  strips.  Southwest  of  Bolton,  the  granite  occurs  in  a  num- 
ber of  small  areas  in  Clinton,  Boylston,  and  Worcester,  and  still 
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farther  southwest  in  three  larger  areas,  one  of  winch  reaches  the 
south  boundary  of  the  State,  Besides  the  areas  mapped  the  granite 
and  its  associated  aplites  and  pegmatites  also  occur  in  a  number  of 
dikes  and  veins  in  the  Carboniferous  strata  of  the  Worcester  and 
Merrimack  troughs  and  in  many  veins,  dikes,  and  intrusive  sheets 
and  lenses  of  all  sizes  in  the  areas  of  gneiss  and  schist  lying  between 
the  two  troughs.  , 

The  granite  is  a  fairly  resistant  rock  and,  as  a  rule,  is  well  exposed 
throughout  its  range.  It  is  extensively  quarried  in  Worcester,  about 
Graniteville  in  Westford.  and  at  Fletchers  near  North  Chelmsford, 
and  in  a  small  way  at  many  ledges  in  Tyngsboro,  Ayer,  and  other 
places.  It  is  much  used  for  retaining  walls,  bridge  abutments,  and 
similar  massive  masonry  and  for  curbstones  and  paving  blocks. 

Relatione.— The  Ayer  granite,  like  the  Andover  granite,  is  intru- 
sive into  or  against  ail  the  surrounding  rocks  and  is,  with  the  excep- 
tion of  a  few  trap  dikes,  the  youngest  rock  in  the  region  where  it 
occurs.  Where  intrusive  into  foliated  rocks  it  has,  like  the  Andover 
granite,  penetrated  those  rocks  along  foliation  planes  in  sheets  rang- 
ing in  thickness  from  a  fraction  of  an  inch  to  many  feet,  and  the 
metamorphic  rocks  have  also  been  impregnated  in  many  places  by 
the  granitic  magma.  On  the  other  hand,  where  the  granite  has  in- 
vaded the  Worcester  phyllite,  the  Oakdale  quartzite,  or  the  Merri- 
mack quartzite,  or  is  in  eruptive  contact  with  one  of  those  formations, 
the  contacts  are  nearly  everywhere  sharp  and  with  few  apophyses, 
although  in  some  places  extensive  plexuses  of  quarts  veins  have  been 
developed  in  the  sedimentary  rocks  close  to  the  contacts  and  the 
sedimentary  rocks  themselves  hare  been  greatly  altered,  with  the 
abundant  development  of  metamorphic  minerals.  The  granite,  how* 
ever,  shows  little  or  no  endomorphic  contact  alteration. 

All  the  rocks  have  been  greatly  deformed  since  the  irruption  of  the 
granite,  which  has  been  greatly  crushed  and  sheared  in  some  places. 
Some  of  its  present  contacts  with  other  rocks  are  probably  along  fault 
pfaai  and  there  the  originally  intrusive  relation  is  not  evident 

Character. — The  rock  is  typically  a  biotite- Muscovite  granite  of 
moderately  coarse  grain.  In  many  places  it  is  coarsely  porphyritic, 
containing  feldspar  phenocrysts  1  to  3  inches  long,  or  is  blotched  with 
large  patches  of  feldspar  crystals.  (See  Pis,  VrB,  and  VI.)  The 
feldspar  is  orthoclase  and  coarse  microcline,  made  opaque  centrally 
by  crowded  microlites  of  muacovite  and  epidote  and  containing  peg- 
like growths  of  albite,  which, also  veneers  much  of  the  microcline 
and  appears  in  separate  grains.  The  albite  it  generally  full  of  scales 
of  muscovite,  which  commonly  crowd  the  central  area  and  leave  free 
the  border,  where  quartz,  free  from  rutile  needles,  occurs  in  mlcro- 
graphic  arrangement  Where  the  rock  Is  porphyritic  many  'of  the 
feldspar  phenocrysts  are  arranged  parallel  to  the  original  ^jr'noe 
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of  the  intrusive  mass,  perhaps  by  slight  flow,  which  also  produced 
the  cracking  and  faulting  of  the  crystals,  as  suggested  by  Crosby, 
or  perhaps  this  arrangement  was  caused  by  outward  pressure  in  the 
uprising  mass,  as  suggested  by  Van  Hise. 

In  Harvard,  Ayer,  and  Littleton  much,  perhaps  half,  of  the  gran- 
ite is  of  the  coarse  porphyritic  type  just  described.    It  occurs  in 
broad  bands  with  a  northeast-southwest  trend,  which  alternate  with 
broad  bands  of  the  normal,  moderately  fine  grained,  even-textured 
rock.    Here  and  there  are  a  few  bands  or  perhaps  schlieren  of  dark 
dioritic  rock,  poorer  in  quartz  and  richer  in  biotite  than  the  normal 
granite,  and  in  places  containing  a  little  hornblende.   Northeast  of 
Graniteville,  and  especially  invthe  quarries  there  and  at  Fletchers 
the  rock  is  typically  the  normal,  even-grained  granite,  and  the  por- 
phyritic phase  is  rare.  Northeast  of  Merrimack  River  gneissic  phases 
predominate,  and  some  of  the  gneisses  are  almost  aplitic,  containing 
but  little  biotite  and  in  places  a  little  actinolite.    In  Groton  and 
Tyngsboro  the  granite  grades  in  places  into  dioritic  areas  that  ap- 
pear to  be  without  definite  boundaries  and  are  probably  local  mag- 
netic variations.  The  granite  also  appears  to  grade  eastward  past 
North  Chelmsford  into  the  grnnodiorite  phase  of  the  Dracut  diorite, 
although  in  Dracut  and  elsewhere  dikes  of  aplite  and  pegmatite  cut 
the  diorite. 

The  rock  of  the  type  area  just  described  is  fairly  characteristic  of 
the  occurrences  of  the  Ayer  granite  as  a  whole,  but  that  of  some  of 
the  other  areas  which  present  interesting  local  peculiarities  will  be 
described  in  greater  detail. 

Clinton  area*.— Two  small  lenses  of  Ayer  granite  make  the  ridges 
between  which  the  gorge  of  Nashua  River  at  Clinton  has  been  ex- 
cavated along  a  narrow  strip  of  Worcester  phyllite.  The  upper  end 
of  the  gorge,  where  the  bold  ridges  furnished  admirable  natural  but- 
tresses, was  selected  as  a  suitable  site  for  the  great  dam  that  holds 
back  the  water  of  the  Wachusctt  Reservoir. 

The  western  and  smaller  granite  mass  is  one-third  mile  wide  and  8 
miles  long  and  forms  the  ridge  on  which  the  main  part  of  Clinton 
is  built  The  new  cut  of  the  Boston  it,  Maine  Railroad  at  the  west 
end  of  the  dsm  and  the  excavation  for  the  spillway  of  the  reservoir 
together  give  sn  exposed  section  completely  across  the  granite,'  The 
rock  is  coarse-grained,  porphyritic,  and  entirely  massive  at  the  west 
side  of  the  area  but  progressively  more  jointed,  faulted,  slicken- 
aided,  and  crushed  toward  the  east  side.  Just  southeast  of  the  west 
end,  of  the  railroad  cut  the  granite  is  in  contact  with  both  the  Oak- 
dale  quartrite  and  the  Worcester  phyllite.  Ths  quartzite  is  not 
visibly  altered  at  the  contact,  and  the  phyllite,  a  thinly  fissile  rock, 
with  minute  needles  of  chiastolite,  shows  only  the  minimum  of 
alteration. 

50244'— Boll.  587— IT  V  . 
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The  eastern  and  larger  granite  mass  has  a  maximum  -width  of  a 
mile  and  extends  from  the  east  end  of  the  reservoir  for  5  miles  north- 
eastward U\vond  Bolton  station.  It  is  a  coarsely  porphyritic  biotite 
granite,  with  microcline  phenocrysts,  many  of  which  are  3  inches 
long.  (See  Pis.  V,  B,  and  VI.)  They  are  commonly  shattered  into 
small  pieces  which  have  been  only  slightly  separated.  In  many 
places  they  lie  parallel  to  the  original  surface  of  the  mass,  which 
arrangement,  as  Crosby  has  observed,  seems  to  have  been  caused  by 
slight  flow  parallel  to  that  surface  and  might  in  some  cases  furnish  a 
clue  to  the  original  form  of  the  mass.  At  the  east  end  of  the  rail- 
road tunnel  at  Clinton  is  an  interesting  coarse-grained  white  pegma- 
tite made  up  of  quartz,  albite,  and  coarse,  twisted  muscovite,  and 
full  of  finely  granular,  deep  ultramarine-blue  apatite. 

The  granite  is  coarsely  porphyritic  even  at  the  contacts  and  seems 
to  have  metamorphosed  the  adjacent  phyllite  only  slightly.  Near 
the  contact  as  encountered  in  the  tunnel  at  Clinton  the  ordinarily 
dark  phyllite  is  white  and  finely  crenulate  but  without  much  other 
visible  change.  The  discharge  of  the  dark  color  shows  that  at  the 
time  of  irruption  of  the  granite  the  carbonaceous  material  of  the 
phyllite  was  either  volatile  or  combustible,  although  it  is  now  wholly 
grai>hitic  as  shown  by  Perry.  Sheets  4  or  5  feet  thick  of  the  same 
rock,  a  little  more  altered,  are  included  in  the  granite  at  the  eastern 
contact  of  the  western  granite  mass.  It  is  a  greasy-looking,  talclike, 
sericitic  schist,  which  under  the  microscope  is  seen  to  be  made  up  of 
different  materials,  some  layers  being  carbonaceous,  some  being 
biotitic,  and  some  consisting  of  pure  white  sericite  schist.  In  the 
adjacent  granite  the  microcline  is  sericitized,  the  albite  is  saussuri- 
ti red,  and  the  thin  intrusive  tongues  of  granite  are  commonly  sepa- 
rated from  the  schist  by  trains  of  rhombohedral  crystals  of  ankerite. 

Plate  VI  shows  two  weathered  blocks  of  granite  from  two  widely 
distant  points  in  the  contact  zone.  The  phenocrysts  are  crushed  but 
not  much  moved  and  lie  in  a  groundmass  of  nearly  continuous  quarts. 
The  quartz  borders  the  small  central  crystal  at  the  bottom  of  the 
figure,  extends  to  the  left  through  the  largest  crystal  half  an  inch 
above  the  bottom,  and  wraps  around  the  large  rounded  crystal  above- 
Under  the  lens  the  quarts  has  the  aspect  of  continuous  vein  quarts. 

The  center  of  the  batholith  is  a  normal  porphyritic  biotite  granite 
(PL  V,  B),  but  near  the  border  it  becomes  the  micaless  pegmatitic 
rock  of  Plate  VI,  and  this  material  was  injected  into  the  soft  phyl- 
lite and  separated  into  pebble-like  portions  by  the  kneading  of  the 
phyllite  to  form  the  normal  contact  rock.  The  upper  slab  has  on  its 
reverse  many  thin  layers  of  dark  schist  and  forms  a  transition  phase 
of  the  border  rock,  which  grades  into  the  dark  phyllite. 
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A.  APLITE  BORDER  AT  THE  CONTACT  OF  THE  AYER  GRANITE  AND  THE  "BOLTON"  GNEISS 

IN  THE  BALLARD  QUARRY,  WORCESTER,  MASS. 
Narrow  dark  bands  are  remnant*  of  schut  aoaaed  with  granite.    Broad  intervening  band*  an  apjrt*.    (See  p.  62.) 


B.  SPECIMEN  OF  PORPHYRITIC  AYER  GRANITE  FROM  CLINTON,  MASS.,  AT  CAST  ENTRANCE 
OF  BOSTON  *  MAINE  RAILROAD  TUNNEL. 
Ona-tttth  natural  tin.    (See  p.  lit.) 
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Worrrtter  area. — The  Ayer  granite  of  the  area  at  Worcester  has 
been  described  in  detail  elsewhere.1  The  typical  rock  of  the  area, 
which  is  quarried  on  Millstone  Hill  in  the  city,  is  a  light-colored, 
rather  coarse  grained  muscorite-biotite  granite,  containing  some  blue 
quartz.  It  is  fresh,  almost  oncrushed,  and  parts  in  thin  slabs  par- 
allel to  the  surface  of  the  hilL  It  is  cut  by  vertical  master  joints, 
with  some  crushing,  foliation,  and  mica-marking  parallel  to  them, 
and  by  an  irregular  set  of  minor  joints  lightly  coated  with  mica. 

The  rock  is  firm  and  even  grained  and  is  less  pegmatitic  than  most 
of  the  Ayer  granite.  In  texture  it  resembles  the  Milford  granite 
somewhat,  but  it  is  a  poor  quarry  rock,  as  it  is  rusty,  jointed,  and 
full  of  inclusions.  It  contains  76.47  per  cent  of  silica  (Harold  Lane, 
Worcester  High  School  laboratory).  Perry  has  noted  that  the  blue 
color  of  the  quartz  is  deeper  in  buildings  and  on  old  surfaces  and 
paler  in  fresh  fractures  at  some  depth  in  the  ledge,  as  if  due  to 
weathering  of  some  constituent,  and  he  suggests  that  the  cause  may 
Ite  the  presence  of  some  manganiferous  mineral. 

A  small  vein  of  tourmaline  aplite  cuts  the  Oakdale  quartzite  at  the 
corner  of  Chandler  Street  and  Ha  dm  an  Lane,  in  the  western  part  of 
Worcester.  It  is  a  fine-grained  sugary-white  rock,  with  no  mica  ex- 
cept on  shear  planes.  It  contains  abundant  yellow-brown  prisms  of 
tourmaline,  which  reach  4  millimeters  in  length,  and  small  rare  spots 
of  deep-blue  apatite  in  a  typical  microgram  tic  or  microgxaphic 
ground  mass,  with  here  and  there  partly  twinned  grains  of  labra- 
dorite,  bat  no  ores  or  nucroclin*. 

In  one  place  at  the  east  base  of  Millstone  Hill  near  the  "  coal  mine  " 
bowlders  of  porphyritic  granite  are  so  abundant  and  in  such  a  posi- 
tion as  to  make  it  certain  that  they  are  nearly  in  place  and  must 
have  formed  part  of  the  border  of  the  granite  of  Millstone  HilL 
The  rock  contains  many  bi pyramidal  quartz  crystals  of  distinctly 
blue  color,  square  Carlsbad  twins  of  feldspar,  and  minute  scales  of 
biotite,  some  of  them  agglomerated  into  rounded  groups.  These 
groups  and  the  quartz  and  feldspar  phenocrysta  are  1  to  2  milli- 
meters in  diameter,  in  a  finely  granular  groundmass  with  a  sandy 
appearance  under  the  lens. 

Considerable  bodies  of  liinaatwiu  are  included  in  the  granite  at 
Worcester.  Part  of  the  rock  was  absorbed  by  the  granite  magma, 
and  the  caleite  was  recrystallixed  even  in  the  centers  of  the  feldspar 
crystals,  forming  schlieren  of  calcareous  granite.  The  included  lime- 
stone layers  and  the  adjacent  calcareous  granite  are  filled  with 
purple  Aaorite,  essonite,  apatite,  titanite,  sphalerite,  pyrite,  and 
molybdenite.  Fluorite  of  green,  purple,  and  white  color  is  every- 
where sparingly  disseminated  in  the  granite  on  Millstone  Hill  as  a 

.  ,  *  *****  *.  "V,  mm*  Wmtnom,  B.  K_  Tfea  fologj  of  Ww«m«.  Hut,  m.  63.  lSta,  "| 
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primary  constituent  and  is  also  gathered  in  thick  secondary  veins  of 
purple  color.  The  quartz  includes  many  trains  of  fluid  cavities  con- 
taining carbon  dioxide  with  moving  bubbles. 

In  the  northern  quarry  a  broad,  thin  sheet  of  limestone  is  bordered 
on  both  sides  by  layers  a  foot  thick  of  calcite-albite-microcline  rock, 
containing  sphalerite,  essonite,  apatite,  and  purple  fluorite.  Masses 
of  calcite  grains  are  separated  from  the  central  layer  and  are  inclosed 
in  feldspar  grains  and  bordered  by  a  thick  continuous  selvage  of 
granular  titanite.  An  irregular  selvage  of  dark-blue,  very  quartzose 
albite-microcline  granite  separates  this  layer  from  the  normal  granite. 
This  inclusion  of  limestone  has  served  to  precipitate  from  solution 
in  the  granite  several  metallic  and  rare  elements  in  considerable 
quantity.  Purple  fluorite  is  disseminated  in  grains  in  the  calciferous 
granite  and  green  or  white  fluorite  appears  as  thin  sheets  in  secondary 
fissures  in  the  adjacent  rock,  accompanied  by  crystals  of  quartz  and 
pyrite  and  large  aggregates  of  molybdenite  scales.  In  a  rather  large 
area  in  the  southern  part  of  the  quarry  the  granite  is  so  full  of  a 
calcium-iron-manganese  carbonate  that  the  weathered  rock  has  the 
appearance  of  a  black  cinder. 

Southwestern  areas. — Two  large,  roughly  oval  areas  of  Ayer  gran- 
ite lie  along  the  western  border  of  the  little-altered  Carboniferous 
strata  southwest  of  Worcester,  and  a  long,  narrow  area  begins  at 
Auburn  and  extends  10  miles  southward  and  into  Connecticut.  The 
rock  of  the  southern  oval  area  is  much  quarried  and  is  a  light-gray, 
medium-grained  muscovite-biotite  granite.  Many  of  the  muscovite 
plates  are  arranged  parallel  to  a  common  plane,  but  are  separated 
from  each  other  and  from  the  biotite,  and  if  the  muscovite  were  re- 
moved the  rock  would  be  wholly  massive,  In  places  about  the  border 
of  the  area,  however,  the  rock  is  rather  schistose.  This  structure 
seems  to  be  due  to  pressure  during  deformation,  and  the  muscovite 
was  probably  formed  then  and  oriented  by  the  pressure. 

The  great  ridge  northwest  of  Webster  has  a  central  core  of  coarse 
porphyritic  granite  with  square  feldspar  phenocrysts  an  inch  across, 
and  porphyritic  quartz  aggregates  half  an  inch  across.  On  the  west 
a  thick  layer  of  fine-grained  laminated  granite  rests  against  the  core 
and  dips  away  from  it.  This  granite  is  in  many  places  in  its  upper 
part  very  dark  from  abundant  wavy  bands  of  biotite.  From  Chace- 
ville  south  this  granite  is  s  good  quarry  stone,  and  •  mile  south  of 
the  village,  where  an  exceptional  contact  with  the  Paxton  quartos 
schist  is  exposed,  there  is  much  layer-by-layer  injection  of  the  schist 
with  pegmatitic  and  aplitic  films  and  a  change  of  the  Paxton  to  a 
sandy  mica  schist.  Much  of  the  rock  of  the  long,  narrow  are*  of 
granite  is  coarse  biotitic  augen-gneisa  or  is  coarsely  and  regularly 
porphyritic 
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STERLING  GRANITE  GNEISS. 

I  have  not  studied  the  igneous  rocks  in  detail  south  of  Pascoag, 
but  my  reconnaissance  and  the  notes  of  Prof.  H.  E.  Gregory,  which 
I  have  been  permitted  to  use,  show  that  the  blue-quartz  Milford 
granite,  of  pre-Carboniferous  age,  extends  several  miles  farther 
south  toward  the  region  covered  by  the  later  and  fuller  study  of 
Loughlin,1  who  has  mapped  an  area  of  granite  younger  than  the 
Milford,  which  extends  south  to  the  coast  and  invades  the  Carbon- 
iferous conglomerate  schists  on  the  east  and  the  Putnam  gneiss  of 
Connecticut  on  the  west.  The  Putnam  gneiss  is  believed  to  be  the 
southern  continuation  of  the  "Bolton  gneiss *'  of  Massachusetts;  the 
latter  is  cut  by  the  Andover  granite  with  which  the  Sterling  granite 
gneiss  is  herein  correlated. 

The  younger  granite  extends  3  or  4  miles  west  intc  Connecticut, 
when  it  is  mapped  by  the  State  Survey  as  the  Sterling  granite 
gneiss,  named  for  its  occurrence  at  Sterling  in  eastern  Connecticut. 

The  conclusion  of  Loughlin  and  his  students  that  this  granite 
cuts  the  Carboniferous  conglomerate  schist  near  Narragansett  Pier 
reverses  the  conclusion  of  Foerste,  who,  although  he  recognized  the 
fact  that  the  Carboniferous  strata  are  invaded  by  pegmatite  dikes, 
regarded  the  balance  of  probability  as  indicating  a  pre-Carbonifer- 
ous age  for  the  granite,  with  which  he  apparently  did  not  asso- 
ciate the  pegmatite.* 

The  conclusion  that  the  Sterling  is  post-Carboniferous  is  strength- 
ened by  the  fact  that  no  pebbles  of  it  have  been  found  in  the  Carbon- 
iferous conglomerates,  either  by  Loughlin  in  the  district  about  Narra- 
gansctt  Pier  or  by  Perry  and  me  in  the  district  about  Natiek,  R.  I. 

The  northernmost  point  where  a  possibly  eruptive  contact  of 
granitos  with  conglomerate  has  been  observed  is  a  mile  northwest  of 
Natick,  R.  I.,  and  80  rods  south  of  the  point  where  the  county  bound- 
ary crosses  the  western  margin  of  the  Narragansett  Bay  quadrangle, 
Northwest  from  that  point  the  boundary  of  the  Milford  granite  has 
been  mapped  across  the  country  where  the  actual  contact  is  covered 
by  determining  the  southern  limit  of  blue  quartz  in  the  granite 
outcrops.  Along  the  west  base  of  Steere  and  Absalona  hills  the 
coarse  granite  gneiss  contains  inclusions  of  Carboniferous  conglom- 
erate, and  it  is  hornblendic  near  its  contact  with  the  Milford  granite 
along  the  roads  on  both  sides  of  Sucker  Pond. 

The  Sterling  granite  gneiss,  mostly  of  pink  color  and  gneissic 
texture,  comprises  three  varieties — normal  biotite  granite,  porphy- 
ritic biotite  granite,  and  muscovite  granite,  The  muscovite  granite 

i  Lougnlln,  G.  F,  Iatnulr*  granite*  In  sautawaatarn  Rhode  Island :  Am.  Jour.  ScL,  4Cj 
■nr..  toI.  29.  p.  408,  1»J0. 
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cuts  the  other  two  varieties,  but  all  gradations  in  composition  and 
texture  occur.  All  the  varieties  are  intrusive  into  the  Putnam  gneiss. 
Pegmatite  and  aplito  in  sheets  and  dikes  cut  the  granite  and  arc 
abundant  in  the  metamorphic  sedimentary  rocks.  The  granite  is 
characterized  by  well-developed  microcline,  some  of  it  microper- 
thitic.  white  oligoclase  or  albite,  and  some  quartz.1 

The  gneisses  of  the  south  shore  of  Rhode  Island  are  described  by 
Kemp*  as  similar  to  the  massive  granites,  but  darker  because  of  the 
greater  abundance  of  biotite.  The  chief  components  are  quartz, 
orthoclase,  microcline,  rather  alkalic  plagioclase.  and  greenish- 
brown  biotite  The  accessories  are  magnetite,  apatite,  zircon,  and 
garnet.  Mechanical  deformation  is  widespread  and  commonly  ex- 
treme, and  the  rock  is  invariably  foliated  and  in  places  is  crushed 
and  granulated  into  a  thin  schist.  Some  of  it  is  a  marked  augen- 
gneiss,  as  on  Kingston  Hill.  Around  Westerly  hornblende  occurs 
in  places  in  the  gneiss  and  bands  of  dark  hornblendic  gneiss  appear. 
The  red  granite  gneiss  of  which  the  composition  is  given  below  con- 
tains allanite  and  xenotime.  An  orbicular  variety  is  exposed  at 
Quonochontang.* 

WESTERLY  GRANITE. 

The  Westerly  granite,  named  for  its  occurrence  at  Westerly,  in 
the  southwest  corner  of  Rhode  Island,  has  been  fully  described  and 
figured  by  Kemp.4  The  gray  and  blue  types  of  the  granite  are  quar- 
ried in  the  South  Hill  at  Westerly  and  the  red  type  in  the  North 
HilL  The  gray  type  is  also  quarried  at  Xi antic  The  red  type 
differs  from  the  others  in  its  coarser  grain  and  in  the  red  color  of 
its  feldspar,  and  according  to  later  writers  belongs  to  the  Sterling 
granite  gneiss.  Rice  and  Gregory  say: ' 

The  Sterling  granite  gneiss  1»  Injected  Into  earlier  sediment*  (Putnam 
gneiss) ;  pegmnUte  rum  the  Sterling,  and  the  Westerly  granite  U  Intrusive  la 
pasamlite  and  granite  gneiss  alike  and  U  thus  the  youngest  formation. 

Loughlin  says:  •!/'■» 

The  Westerly  Is  efcnety  related  to  the  Sterling  m  general  character  and 
mineral  composition  and  Is  considered  the  latent  i  ijs—il  phase  of  the  Sterling 
buthoUta. 

The  results  of  the  analyses  cited  below  from  Kemp  show  the  close- 
ness of  the  relationship,  and  Dale,'  who  has  reported  fully  on  the 

>  Lngklkv  a  F,  op.  ctt.  p  448. 
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economic  side,  says  that  the  Westerly  granite  was  later  traversed  by 
pegmatite  dikes  and  still  laler  by  diabase  dikes.  He  classes  the  rock 
as  (juailz  monzonite. 

The  Westerly  granite  is  highly  valued  for  use  in  sculpture,  and 
its  white,  finest-grained  variety  is  even  used  for  statuary.  Because 
of  the  small  size  of  the  areas  occupied  by  it,  it  is  mapped  with  the 
Sterling  granite  gneiss. 

Chemical  eompo»ition  of  Westerly  granite  and  Rterlino  prauite  tfnctsi.* 
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THE  CENTRAL  BATHOLITH. 
GENESAL  CHARACTER,*1'  " 

The  great  central  batholith  of  southern  New  England  begins  in 
Harrington,  in  southeastern  New  Hampshire,  enters  Massachusetts 
with  a  width  of  20  miles,  and  divides  in  Hubbardston  into  two  broad 
lobes.  The  eastern  lobe  includes  Mount  Wachusett  and  extends  south 
to  a  point  west  of  Worcester.  The  western  lobe  continues  south 
across  the  State  in  a  band  2  to  6  miles  wide,  passing  through  the 
Brookfields  and  into  Union,  Conn. .  There  are  three  smaller  ovals  of 
the  same  type  of  granite  in  New  Bra  in  tree,  Petersham,  and  Spencer. 

Four  rock  types  enter  into  the  composition  of  the  mass,  which  is 
marked  by  much  pegmatitic  granite  and  little  border  differentiation. 
The  deep-seated  central  portion,  uninfluenced  by  the  cover,  is  s 
medium  grained  muscovite-biotite  granite,  which  may  be  taken  ss 
the  normal  constituent  of  the  batholith,  and  is  called  the  Fitchburg 
granite.  It  occupies  the  eastern  lobe  and  the  eastern  third  of  the  con- 
joined  mass  farther  north.  In  the  western  two-thirds  of  the  con- 
joined mass  and  in  the  long  southwestern  lobe,  and  thus  in  much 
the  larger  portion  of  the  area,  the  rock  is  greatly  contaminated  by 
the  material  of  the  former  Carboniferous  cover  and  becomes  s  coarse, 
irregular,  pegmstitic  biotite  granite,  full  of  quartxite,  fibrolite, 
graphite,  and  iron  minerals.   Xs  this  is  the  prevailing  rock  of  the 
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groat  western  lobe,  nnd  requires  separate  treatment,  it  may  be  called 
the  Hubbardston  granite.  The  third  type  is  a  black  biotite  border 
granite,  which  is  called  the  Hardwick  granite,  as  it  appears  inde- 
pendently in  the  Hardwick  batholith  on  the  west.  A  little  horn- 
blende schist  of  the  type  of  the  contact  diorites  of  the  other  bands  is 
present  and  is  associated  with  a  peculiar  gabbro. 

FITCHBCBG  GKANITE. 

Only  in  the  eastern  lobe  and  its  continuation  north  about  C  miles 
wide  across  Fitchburg,  Mass.,  and  Mason,  N.  H.,  is  the  section  of  the 
batholith  deep  enough  to  expose  the  core  of  granite  unadulterated 
by  the  material  of  the  earlier  cover.  It  appears  also  in  a  narrow 
band  a  mile  wide  and  11  miles  long  in  the  south-central  part  of 
the  Hubbardston  lobe  in  Brookfield  and  Sturbridge.  This  band  is 
occupied  by  a  series  of  great  ponds  from  Furnace  Pond  to  Cedar 
Pond. 

In  the  interior  of  the  northern  area  the  rock  is  a  medium-grained 
biotite  granite  in  some  places  rudely  banded  by  arrangement  of  the 
biotite. 

The  typical  rock  of  the  core  in  the  large  quarries  on  Rollstone  Hill 
in  Fitchburg,  Mass.,  and  in  Mason,  X.  H.,  is  a  fresh  light-colored 
medium-grained  muscovite-biotite-microcline  granite.  It  is  massive 
and  uncrushed.  It  contains  large  primary  plates  of  muscovite,  many 
of  them  intergrown  with  a  later  biotite. 

The  microscope  shows  much  microcline  with  some  grains,  partly 
un twinned,  a  little  orthoclase,  and  albite.  It  also  shows  the  perfect 
coarse  lattice  structure  and  the  intergrown  albite,  which  is  in  per- 
fect minute  lenses.  Besides  this  oriented  albite  large  rounded  un* 
twinned  blebs  of  albite  penetrate  and  border  .the  microcHne  and  are 
filled  with  beautiful  vermiform  quartz  in  mi  orographic  growth. 
Long  rutile  needles  fill  quartz,  microcline,  and  albite. 

In  Fitchburg  the  granite  mass  is  along  its  eastern  border  a  medium 
to  fine  grained  rock.  It  is  in  places  so  fine  grained  and  aplitie  that 
it  is  easily  confused  with  the  moat  crystalline  facies  of  the  quartzite. 
Just  at  the  border,  especially  in  Fitchburg,  a  peculiar  dark  subpor- 
phyritic  type  is  developed ;  small  elongate  feldspars  are  crowded  to- 
gether so  closely  as  to  make  more  than  half  the  surface.  The  bor- 
der, both  inside  the  granite  and  outside,  ia  cut  by  many  large  dikes 
and  irregular  masses  of  coarse  pegmatite,  which  everywhere  contains 
much  coarse  black  tourmaline  that  is  in  many  places  carried  out  into 
the  schist,  forming  a  band  of  black  tourmaline  schist  around  much 
of  the  eastern  border.  The  granite  of  Bollstone  Hill  ia  parted  in 
thick  sheets  by  fissures  parallel  to  the  present  surface  of  the  hill, 
which,  according  to  Shaler,  are  due%to  the  expansion  and  contrac- 
tion caused  by  changes  of  temperature.  It  ia  possible  that  then  are 
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old  structure  joints,  parallel  to  the  surface  of  the  batholith.  The 
surface  of  Rollstone  Hill  is  now  druralinoid. 

A  dark  grancdiorite  appears  in  places  around  the  Fitchburg  gran- 
lts  but  is  so  irregular  in  its  distribution  and  petrographic  character 
that  it  was  not  mapped  separately. 

Along  the  east  border  of  the  Fitchburg  granite  in  its  north  part 
this  granodiorite  forms  a  very  narrow  band  of  a  dark,  highly  biotitic 
rock.  It  appears  in  a  wide  area  from  Monoosnuc  Pond  in  Fitch- 
burg to  a  point  near  Oakdale  and  is  worked  in  a  fine  quarry  on 
Sheldon  Hill  in  Leominster.  It  widens  to  the  south  and  in  Holden 
is  much  rusted  and  jointed  and  some  of  it  brecciated  at  the  border. 
Northward  along  the  western  border  it  widens  to  a  mile  across 
Rutland  and  Princeton,  where  along  the  road  from  the  village  to 
the  station  it  would  furnish  much  good  but  dark  quarry  stone.  It 
extends  up  the  slopes  of  Wachusett  and  Little  Wachusett  mountains 
as  a  sheet  COO  feet  thick  on  the  normal  Fitchburg  granite. 

The  granodiorite  is  a  medium -grained,  dark-gray  rock,  dark  from 
the  abundance  of  biotite,  and  also  contains  brown  garnet  grains  and 
a  few  tourmaline  blades.  It  is  slightly  blotched  with  lighter  gray 
and  imperfectly  porphyritic  material.  The  biotite  is  shining  Wack 
and  the  fresh  sugary  quartz-feldspar  mosaic  is  glassy.  This  charac- 
teristic continues  up  to  the  contact  with  the  Briinficld  schist  without 
change,  and  here  the  rock  contains  pyrite,  graphite,  garnet,  films  of 
fine-matted  white  silky  secondary  fibrolite,  which  is  commonly 
changed  into  fibers  of  muscovite.  The  biotite  is  generally  free  from 
inclusions,  but  some  plates  are  full  of  apatite  and  zircon  with  dark 
borders.  There  is  very  little  ore  and  muscovite.  The  ground  is 
granular  sodic  plagioclase  and  quartz.  The  whole  mass  is  crowded 
full  of  distinct  hexagonal  prisms  of  apatite  and  more  minute  color- 
less needles  that  may  be  fibrolite. 

HUBBARDSTON  OKAS  ITS. 

Except  the  small  areas  described  above,  where  the  rock  of  the  core 
is  exposed,  (he  prevalent  rock  in  the  main  mass  of  the  central  batho- 
lith and  of  the  four  subordinate  ovals  is  a  coarse  white  ragged, 
highly  feldspaihic  granite  of  pegmatitic  texture,  though  never  dis- 
tinctly porphyritic  or  fine  grained,  called  the  Hubbardston  granite, 
from  its  occurrence  at  Hubbardston,  Mass.    Hie  is  in  part 

muscovite  but  chiefly  biotite.  In  many  places  great  Carlsbad  twins 
of  microcline  several  inches  across  make  up  much  of  the  rock,  as  at 
the  cordierite  locality  in  BrimfiekL  , 

Locally  the  rock  becomes  a  white  sugary  granulite,  foil  of  mi  gar- 
gtets,  graphite,  and  great  sheets  of  silky  white  fibrolite,  much  of  it 
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posed  of  a  simple  coarse-meshed  microcline,  bordered  by  olbite,  with 
fine  graphic  structure  and  with  strained  and  granulated  quartz  and 
wrinkled  mica.  There  is  in  many  places  a  rude  banding  or  sheeting 
parallel  to  the  surface  of  the  old  batholith,  commonly  a  thin  parallel 
jointing  or  rude  cleavage  which  is  not  accompanied  by  any  parallel 
arrangement  of  the  constituents.  There  appears  in  other  places  a 
distinct  gneissoid  banding,  which  forms,  where  the  fibrolite  is  abun- 
^■ntj  a  thin  white  flaky  gneiss,  or,  where  much  schist  has  been  assimi- 
lated into  the  mass,  furnishes  iron  for  the  development  of  biotite. 
This  phase  is  a  dark  fine-grained  biotite  granite  or  gneiss,  much  like 
the  Ilardwick  granite,  and  that  some  of  these  dark  gneisses  have 
thus  originated  is  indicated  by  the  presence  of  graphite  and  in  a  few 
places  of  fibrolite  in  them,  as  in  the  area  south  of  the  Barre  Poor 
Farm.  Wherever  the  Hubbardston  type  of  granite  appears,  the 
present  surface  is  the  nearly  horizontal  section  of  an  immense  flat- 
topped  batholith,  cut  for  the  most  part  just  through  the  contact  shell 
of  most  intricate  commingling  of  the  schists  and  the  granite.  The 
boundary  of  the  batholith  is  imperfectly  drawn.  Beyond  the 
boundary  the  cover  retains  its  original  position  and  continuity, 
although  still  greatly  injected  by  granite,  but  within  the  boundary 
the  remnants  of  the  cover  are  twisted  into  irregular  positions,  and 
disappear  in  the  much  greater  mass  of  the  eruptive  rock.  In  some 
places  broad  patches  of  the  schists  rest  on  the  surface  of  the  granite, 
their  layers  separating  and  extending  into  it  like  the  teeth  of  a  comb. 
In  some  places  thin  layers  of  the  schist  are  themselves  impregnated 
with  granite,  spread  apart  by  it,  and  raveled  out  until  they  entirely 
disappear  in  the  granite  mas,  as  in  a  water-soaked  book  that  has 
bean  frozen  the  ice  separates  the  leaves  as  well  as  occupies  the  pores 
in  the  paper  sheets  themselves.      itflif  1  Jl>»t> 1  ***  ^ffof ''  ''' IV'* 

The  flat  thin  flags  of  the  fissile  Paxton  quartz  schist,  consisting 
only  of  quartz  grains  with  disseminated  biotite  scales,  persist  with 
little  change.  Thin  contorted  layers  of  the  schist  from  an  inch  to  a 
foot  thick  are  wholly  isolated  in  the  granite,  and  in  places  several 
soch  bands,  separated  several  feet  from  each  other,  retain  a  common 
dip  and  strike.  When  the  last  filaments  of  the  schist  disappear  in 
the  granite  they  make  little  change  in  its  chemical  constitution. 

With  the  Brimfield  schist  the  contact  is  very  different  Over  the 
areas  formerly  covered  by  this  schist  many  contorted  sheets  and  thin 
filaments  appear.  The  abundance  of  iron,  biotite,  garnet,  fibrolite, 
and  graphite  in  these  schists  all  enable  their  influence  upon  the  gran- 
ite to  be  traced  long  after  their  schistosity  has  wholly  disappeared  in 
the  massive  and  highly  feldspathic  rock,  The  granite  in  its  purest 
form  ia  white  and  almost  wholly  free  from  iron;  where  its  ledge* 
rust  superficially  it  is  because  much  of  the  schist  has  been  iacor-  k 
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porated  into  its  mass,  and  the  pyrite  of  the  schist  is  still  easily 
oxidiznble  in  the  granite. 

The  biotite  and  the  garnet  of  this  schist  are  commonly  traceable  in 
thin  films,  and  that  they  are  not  recrystallized  in  the  granite  magma 
is  manifest,  because  they  are  associated  together  and  with  fibrolite 
and  graphite,  after  the  manner  of  the  schist,  and  can  be  traced  into 
thicker  bands  which  are  clearly  the  schist  included  in  the  granite. 
At  other  places  they  are  abundantly  recrystallized,  which  is  proved 
by  the  different  type  of  the  secondary  products.  The  biotite  In- 
comes jet-black  instead  of  brown  nnd  is  commonly  inclosed  in  the 
large  feldspars  in  smaller  separate  and  rounded  scales. 

The  secondary  fibrolite  is  of  a  very  different  type  from  that  com- 
mon in  the  schists,  which  is  in  distinct  topaz-yellow  transparent 
prisms  with  distant  cross  fractures.  In  the  granite  it  is  a  snow- 
white,  silky,  finely  fibrous  and  felted  compact  mass,  a  **  fazerkiesel " 
of  the  variety  often  called  bucholzite,  commonly  occurring  in  broad 
sheets  of  entirely  pure  material  an  inch  thick  and  in  many  places 
forming  with  feldspar,  quartz,  and  a  few  garnets  a  complete  fibrolite 
gneiss.  In  smaller  quantity  it  is  very  abundant  clear  across  the 
State  in  the  broad  baud  of  granite,  and  for  miles  across  Hubbardston 
or  Brimfield  fibrolite  appears  in  every  outcrop  of  the  granite,  though 
every  other  trace  of  the  former  presence  of  the  schist  has  disappeared 
except  the  graphite.  The  graphite,  which  occurs  in  lustrous  plates 
with  delicate  cleavage  lines  crossing  their  surfaces,  is  the  most  charac- 
teristic and  persistent  constituent  of  the  original  schist  and  from  the 
indestructibility  of  these  plates  during  the  process  of  the  assimilation 
of  the  schists  into  the  granites,  and  as  graphite  could  not  be  a  normal 
constituent  of  granite  over  large  areas  it  furnishes  the  best  proof 
of  the  process  of  the  mingling  of  the  schist  and  the  granite  here  de- 
scribed, though  this  proof  is  essentially  cumulative.  As  the  Brim- 
field schist  contains  graphite,  amber  fibrolite,  brown  biotite,  garnet, 
and  an  excess  of  iron,  so  the  presence  of  garnet,  white  silky  fibrolite, 
and  graphite  nnd  an  increase  of  the  iron  are  taken  as  an  indication 
in  the  highly  feldspathic  coarse-grained  granite  that  much  of  the 
schist  has  been  assimilated  into  a  coarse  pegmatite  to  produce  the 
mixture.  •,  f  i  -  i      i     *>  t-  4 

If  the  areas  of  the  granite  in  which  appear  the  peculiarities  of  the 
Brimfield  schist  above  noted — rustiness,  content  of  graphite,  fibro- 
lite, and  biotite — and  the  areas  containing  fragments  of  the  Paxton 
quartz  schist  are  separately  indicated  on  the  map,  it  is  seen  that  the 
boundaries  between  the  Brimfield  and  the  Paxton  on  the  east  of  the 
granite  area  are  continuous  across  the  granite  and  join  the  corre- 
sponding boundaries  on  the  other  side,  so  that  all  the  granite  areas 
could  be  mapped  as  schist  areas  also  and  assigned  to  the  different 
schists  which  I  have  no  doubt  formerly  mantled  them.  \ 
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A  dark  border  is  for  the  most  part  absent  about  the  Hubbardston 
granite  but  appears  in  some  quantity  along  the  western  edge,  in  the 
towns  of  Holland  and  Sturbridge. 

DIKES.  ' 

A  coarse  biotite  granite  dike,  83  feet  thick  and  a  mile  long,  cuts 
the  fibrolite  schist  a  mile  south  of  New  Bmintrce  and  is  itself  cut 
by  coarse  wehi  lite  with  very  intricate  boundary,  which  is  marked  by 
a  biotite  selvage  perpendicular  to  the  boundary.  The  granite  is  full 
of  crystals  of  apatite  one-half  inch  long  and  one-tenth  to  one-fourth 
inch  broad,  which  penetrate  all  the  other  constituents.  The  deep- 
brown  plates  of  biotite  are  2  inches  square.  The  moonstone-like 
limpid  feldspar  masses  are  3  inches  square.  The  feldspar  is  an 
anorthoclase-microcline  microperthite  and  shows  the  perthitic  struc- 
ture on  the  basal  cleavage. 

HYPOTHESIS  CONCERNING  CONDITIONS  OF  SOLIDIFICATION. 

The  conditions  of  solidification  in  the  different  parts  of  the  central 
batholith  seem  to  me  to  have  been  very  different. 

A  very  broad  area  of  fine-grained  aplitic  granite  borders  the 
Fitchburg  granite  along  its  eastern  contact,  and  this  rock  is  dark 
and  highly  biotitic  in  a  narrow  band  just  at  the  outer  edge.  The 
rock  here  cooled  quickly  and  equably,  allowing  only  an  incipient 
magmatic  differentiation,  which  brought  a  small  share  of  the  iron 
toward  the  surface,  causing  the  darker  color  of  the  border. 

The  very  narrow  dark  border  becomes  broader  and  darker  toward 
the  south  around  the  east  lobe,  suggesting  a  longer  time  for  differ- 
entiation in  that  direction.  It  is  continuous  against  ndnferruginous 
and  ferruginous  rocks,  making  differentiation  rather  than  absorp- 
tion of  the  cover  the  probable  explanation,  and  this  conclusion  b 
strengthened  by  the  general  absence  of  graphite  in  this  dark  granite. 
Where  the  dark  border  widens  in  the  southeast  lobe  many  masses  of 
the  rusty  schist  float  on  it,  and  in  places  it  includes  much  graphite, 
so  that  the  coworking  of  the  two  agencies  is  not  excluded. 

Later,  during  and  after  the  solidification  of  the  Fitchburg  granite, 
deep-seated  waters  seem  to  have  risen  through  the  mass,  producing 
by  igneo-aqueous  action  great  dikes  and  masses  of  pegmatite  whose 
walls  blend  in  many  places  with  the  common  granite,  showing  al- 
most simultaneous  crystallisation,  or  else  the  walls  are  sharp,  or 
penetrate  the  schist,  showing  later  solidification.  The  presence  of 
the  water  is  indicated  by  the  development  of  raUscovite,  at  the  ex- 
pense of  the  feldspar  in  the  pegmatite;  that  it  was  deep-sented  water 
is  shown  by  the  formation  of  beryl,  tourmalins,  spodumene,  and 
minerals  of  the  rare  earths. 
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As  in  the  Williamsburg  granodiorite  (see  p.  254)  fissures  have 
been  occupied  by  boric  acid  solutions,  or  by  superheated  steam 
containing  boric  acid  in  some  form,  which  have  changed  the  surface 
of  the  biotite  granite  for  a  depth  of  about  2  millimeters  into  luxu- 
lianite,  a  muscovite  granite  coated  with  exquisite  tousmaline 
dendrites.1 

On  Rollstone  Hill  pegmatite  veins  in  granite  in  places  contain 
curious  crystals  of  black  tourmaline  with  the  central  two-thirds  oc- 
cupied by  opaque  white  feldspar,  which  is  cut  transversely  and  longi- 
tudinally  by  thin  bands  of  the  tourmaline. 

The  coarse  feldspars  of  this  pegmatite  are  3  inches  square  and 
many  of  them  contain  red  garnets,  coarse  aLlanite  changed  to  gum- 
mite,  and  rather  large  prisms  of  beryl,  which  are  commonly  cracked 
and  faulted  and  cemented  by  quartz.  On  Rollstone  Hill  in  Fitch- 
burg and  in  Royalston  they  furnish  fine  aquamarines  for  cutting. 

The  spodumene  granite  in  Sterling,  Mass.,  is  a  coarse  white  por- 
phyritic  muscovite  pegmatite  in  which  the  spodumene  is  thickly 
disseminated  in  a  porphyritic  fashion  with  a  certain  parallelism  of  its 
separate  stout  prisms.  It  is  found  only  in  bowlders.  Farther  south, 
a  mile  and  a  half  east  of  Chaffinville  in  Holden,  the  spodumene 
occurs  in  place  in  a  coarse  pegmatite. 

The  development  of  biotite  instead  of  hornblende  in  the  border 
may  be  due  to  an  exceptional  influence  of  water,  for  water  goes  into 
the  composition  of  biotite,  and  this  same  influence  may  have  been 
even  more  effective,  and  that  without  the  intervention  of  differentia- 
tion, is  the  development  of  the  coarse  pegmatitic  Hubbardston  type, 
which  replaces  over  the  larger  western  part  of  the  area  the  Hard- 
wick  type,  and  which,  if  it  occurred  in  veins  or  lenses  we  should  call 
pegmatite,  but  which  here  makes  the  superficial  portion  of  the  batho- 
lith over  an  area  of  several  sonars  miles. 

This  Hubbardston  type  has  everywhere  absorbed  so  much  of  the 
cover  that  the  water  may  have  been  superficial  water  derived  from 
the  sedimentary  rock,  and  the  general  absence  of  tourmaline,  beryl, 
fluorite,  and  minerals  of  the  rare  earths  accords  with  this  idea.  Tour- 
maline has  been  found  in  only  a  single  place  in  this  granite,  and  it  is 
here  included  in  fibrolite.  Fluorite  also  has  been  found  only  once 
in  all  this  broad, area.  The  conditions  were  here  unfavorable  to  the 
formation  of  the  dark  border,  and  it  appears  only  in  small  quantity 
west  of  Holland  village,  and. equally  unfavorable  for  the  appearance 
of  true  pegmatite. 

The  inclusion  of  so  much  of  the  moist  sandy  or  argillaceous  ma- 
terial has  given  the  whole  mass  a  coarse,  irregular,  abruptly  varying 

1  Emeraoa,  B.  K.  Geology  ol  oU)  HwptMri  County,  litKt  XX.  ft,  GooL  Surrey  Moo. 
29,  pL  T,  ISM. 
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texture,  and  the  solution  nnd  recrystallization  of  this  foreign  ma- 
terial has  greatly  changed  its  chemical  and  mineral  composition. 
These  abruptly  changing  conditions  are  evidenced  also  by  the  rude 
fluidal  structures  in  the  coarse  granite,  which  is  commonly  parted 
in  thick  irregular  masses.  The  quiet  conditions  needed  for  border 
differentiation  and  for  accumulation  of  the  deep-seated  waters  to 
produce  pegmatites  abounding  in  rare  earths  were  thus  absent 

HARDWICK  GBANTTE  AND  ASSOCIATED  BOCKS.' 
HARDWICK.  AND  FTTZWILL1AM  GRANITES. 

The  very  symmetric  batholith  composed  chiefly  of  Hardwick 
granite  begins  with  the  usual  blunt  point  in  Marlboro,  N.  IL,  and 
extends  southward  with  a  uniform  width  of  about  4  miles  and  a 
length  of  50  miles,  ending  with  a  similar  blunt  point  in  Monson.  Its 
banding  dips  outwardly  with  low  angle  beneath  the  corrugated  Brim- 
field  schist,  parallel  with  the  surface  cf  the  batholith.  The  rock  is 
almost  everywhere  a  black  granite  gneiss  (the  Hardwick  granite, 
named  for  its  occurrence  at  Hardwick,  Mass.),  but  in  several  mall 
central  areas  what  seems  clearly  to  be  a  deep-seated  core  is  exposed. 
Thus  in  Petersham  sheets  of  a  black  fine  and  even  grained  rock  pass 
with  low  inclinations  east  and  west  beneath  the  inclosing  schists. 
Next  inwardly  broad  bands  of  a  dark,  small  porphyritic  rock  pass 
outward  beneath  the  fine-grained  sheets,  and  in  the  central  area  this 
porphyritic  rock  is  itself  cut  through  in  the  deep  valleys,  exposing  a 
very  light-colored  granite.  Farther  north  a  similar  and  larger  oval 
of  white  granite  appears  in  the  black  granite  and  the  gneissk  band- 
ing of  the  black  granite  dips  away  from  the  central  mass  in  a  quasi- 
anticlinal  posture  as  if  it  had  formerly  mantled  over  the  white  rock, 
which  thus  forms  the  core  of  the  batholith. 

Tbe  southern  point  of  this  oval  of  light-gray  muaoovite-biotite 
granite  (the  Fitzwilliam  granite)  just  enters  the  State  from  Fitx- 
wQHam,  N.  H.  It  extends  north  across  this  town  and  Marlboro,  N.  FL, 
and  is  extensively  quarried  for  export  It  is  of  even,  fine  grain, 
and  of  the  same  type  as  that  quarried  in  Fitchburg  (the  Fitehburg 
granite).  The  Hardwick  granite  is  commonly  porphyritic.  It  is 
low  in  quartz  and  rather  feldspathic,  containing  generally  orthodase, 
a  little  plagioclase,  much  biotite,  much  magnetite,  hypersthene,  zircon, 
and  allanite  but  no  graphite  or  fibrolite.  It  is  generally  very' coarse 
and  curiously  biotite-blotched— that  is,  on  cleavage  faces,  broad  equi- 
distant wavy-eurfaced  flakes  of  biotite,  many  of  them  more  than  half 
an  inch  square,  or  congeries  of  small  flakes,  cover  the  surface.  The 
rock  has  almost  invariably  a  dead  black  and  not  a  brown-black  color 
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nnd  does  not  rust  like  the  adjacent  schist  Except  on  contact  with 
the  Coys  Hill  granite,  hornblende  is  generally  absent  and  the  dark 
color  is  due  to  abundance  of  biotite  and  magnetite.  The  abundance 
of  iron  in  the  border  is  attributed  to  differentiation,  for  if  it  was 
derived  from  absorption  of  the  rusty  schist  graphite  and  fibrolite 
would  be  present 

The  contact  influence  on  the  schist  is  small.  In  contacts  south  of 
Old  Furnace  and  at  W.  Woodward's  place  in  southwest  Petersham 
the  tliick-banded  black  granite  contains  garnet  and  wisps  of  fibrolite 
just  it  the  contact,  and  the  fibrolite  in  the  adjacent  schist  is  unusually 
coarse  and  abundant  and  partly  changed  to  muscovite, 

MAFIC  BORDER  POCKS  Or  THE  IIARDWTCK:  GRANITE. 

The  Hardwick  granite  is  shown  above  to  be  a  very  broad  mafic 
border  to  the  Fitzwilliam  granite  in  New  Hampshire.  The  imme- 
diate border  of  the  Hardwick  granite  commonly  contains  hornblende. 
The  border  east  of  Parksville  is  a  black  heavy  quartz  diorite,  which 
contains  a  few  grains  of  a  colorless  coarse-cleaving  pyroxene,  which 
was  an  early  growth  in  the  rock  and  is  inclosed  with  the  half-resorbed 
plagioclase  in  brown  hornblende.  This  forms  a  transition  to  several 
peculiar  gabbroid  types  described  below.  etr:r-' 

Biotite-hypertthene  diorite. — This  rock  is  a  black  kersantite-like 
biotite-hypersthene  diorite  of  fine  grain,  but  the  mica  is  commonly 
gathered  in  large  patches.  The  feldspar  ranges  from  albite  to 
andesine.  It  occurs  in  the  railroad  cut  at  Gilbert ville  in  the  town  of 
Hardwick. 

Garnet -hypertthene  diorite  or  norite. — A  garnet-hypersthene  diorite 
or  norite  occurs  at  a  deep  cut  in  the  roadside  north  of  Parksville 
village  in  Brimfield.  It  is  a  fresh,  coarse  gabbroid  rock  of  dark 
greenish-brown  color,  made  up  mostly  of  shining  feldspar  surfaces 
and  here  and  there  a  coarse  deep-red  garnet  grain. 

The  greater  portion  of  the  mass  is  made  up  of  andesine  grains, 
commonly  un twinned.  It  contains  distant  aggregates  of  garnet, 
biotite,  and  hypersthene.  The  hypersthene  was  later  changed  at  the 
border  to  a  hornblende  with  blue  absorption.  It  forms  a  large  body 
near  the  border  of  the  Hardwick  granite,  but  its  contacts  are  covered. 

KEttMATTTE. 

In  the  railroad  cut  at  Gilbertville  there  is  a  dike  10  feet  wide  of 
coarse  granite,  composed  chiefly  of  feldspar  in  great  prisms  a  foot 
square  with  very  coarse  pegmatitic  structure,  showing  rods  of  quarts 
an  inch  wide  and  an  inch  apart  and  sheets  of  biotite  a  foot  square. 
The  very  fresh  feldspar  is  pure  orthoclass.  The  rock  is  intruded  in 
the  black  Hardwick  granite*  i.  ,M  ^u>i%sa  4arq  vstui. .  >■•>  -id 
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WESTERN  PORPHYRITIC  BAND. 
COTS  HOL  GRANITE. 

The  Coys  Hill  granite'  is  a  remnrkable  narrow  dikelike  mass 
which  starts  near  East  Phillipston  and  runs  south  for  26  miles 
with  an  average  width  of  a  third  of  a  mile.  For  a  long  distance  it 
lies  in  the  fibrolite  schist  and  then  opposite  Ware  it  widens  greatly, 
crosses  an  area  of  the  Hardwick  granite  obliquely,  and  continues 
south  in  the  fibrolite  schist  to  a  point  east  of  Monson.  It  composes 
the  mass  of  Coys  Hill  and  forms  a  series  of  picturesque  peaks  rising 
above  the  average  plateau  leveL 

It  is  a  regularly  sheeted,  very  coarse  porphyritic  niicrocline  granite 
gneiss,  in  which  the  flat  Carlsbad  twins  are  generally  2  to  i  inches 
square  and  three-fourths  of  an  inch  thick,  and  many  of  them  are 
so  closely  set  that  there  is  little  space  for  the  coarse  dark  biotite- 
garnet  groundmass,  which  winds  in  and  out  among  them.  These 
crystals  have  generally  a  granulated  border  from  incipient  crush- 
ing, which  increases  in  thickness  at  the  expense  of  the  central  crystal 
and  is  drawn  out  in  the  planes  of  the  banding  so  that  they  form  eye- 
like spots,  and  finally  complete  crushing  produces  a  medium-grained 
granite. 

Under  the  microscope  the  feldspar  is  seen  to  be  composed  of 
microcline  and  anorthoclase  intergrown,  rarely  showing  very  fine- 
grained microperthitic  albite,  A  fine  micrographic  texture  occurs 
in  the  crushed  borders. 

Where  the  Coys  Hill  granite  borders  the  Hardwick  granite  it  is  a 
clear-gray  granite,  but  where  it  rests  against  the  rusty  garnet- 
fibrolite-graphite  Brim  field  schist  it  has  incorporated  and  dissolved 
into  its  mass  much  of  the  schist,  and  thus  the  small  red  garnets  or 
large  secondary  garnet  and  biotite  become  abundant,  graphite  scales 
appear  here  and  there  in  the  feldspar,  and  the  amber  fibrolite  appears 
or  is  recrystallized  in  silky  white  masses.  The  granite  rests  in  the 
schist  like  a  great  sill  with  a  low  westerly  dip,  and  so  its  effect  on  the 
east  aide  is  small. 

On  the  west  or  upper  side  the  rusty  Brimfield  schist  was  invaded 
by  the  alkaline  solutions  rising  from  the  Coys  Hill  granite  in  a 
tone  nearly  a  mile  wide  and  became  locally  a  coarse  fibrolitic  augen 
gneiss  crowded  with  rounded  grains  of  limpid  moonstone,  many  of 
them  an  inch  in  diameter,  which  simulate  pebbles. 

South  of  the  station  in  Ware  the  Brimfield  schist  is  impregnated 
with  bands  and  lenses  of  coarse  feldspar  in  large  Carlsbad  twins, 
partly  limpid,  partly  crushed  at  the  border,  and  partly  drawn  out 
into  trains  so  that  it  much  resembles  the  Coys  Hill  granite  itself. 
The  thin  remnant  bands  of  wavy  schistose  material  are  full  of  brown 
biotite,  large  pink  garnets,  and  fibrolite,  and  oordierite  appears  as 
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blue  grains  along  the  contact  and  within  the  granitoid  bands.  The 
presence  of  the  last  two  unstable  minerals  is  almost  the  only  dis- 
tinguishing character  to  make  it  different  from  the  porphyritic 
gneiss  of  the  Coys  Hill  granite,  in  its  most  garnetiferous  phases.  It 
is  as  if  the  coarse  porphyritic,  coarsely  garnetiferous  granite  were 
only  the  last  term  of  a  series,  where  the  abundant  granite  magma 
dissolving  its  way  into  the  rusty  graphitic  schists  has  finally  ab- 
sorbed and  assimilated  a  great  body  of  the  schist,  thus  eliminating 
the  unstable  and  temporary  constituents,  cordierite,  fibrolite,  and 
the  carbonaceous  matter,  and  finding  an  equilibrium  in  the  mixture 
of  quartz,  orthoclase,  biotite,  and  garnet 

LIGHT-GRAY  BIOTITE  GRANITES  WITH  MARKED  DIFFERENTIA- 
TION BANDS. 

MONSON  GBANODIORITE. 

A  band  of  this  rock  begins  in  Northfield,  crosses  New  Salem  and 
Petersham,  and  extends  south  across  the  State  at  first  8  miles  in 
width,  but  in  Monson  it  shrinks  to  2  miles.  Most  of  the  way  it  is 
divided  into  three  strips  by  two  elevated  ridges  of  schist.  A  broad 
oval  of  this  type  forms  the  mass  of  Tuily  Mountain,  north  of  AthoL 

A  similar  band  appears  on  the  west  of  Wilbraham  and  both  con- 
tinue far  south  in  Connecticut.  In  appearance  the  rock  is  a  clear 
gray  granite  or  granite  gneiss  of  rather  fine  grain,  generally  purely 
biotitic  but  some  of  it  slightly  hornblendic  or  muscovitic. 

Although  the  rock  may  be  wholly  massive  and  granitoid  over  large 
areas,  it  is  generally  foliated  by  the  concentration  of  the  biotite  in 
darker  bands,  many  of  them  rather  broad,  and  tapering  or  set  so  as 
to  simulate  cross-bedding,  faulting,  corrugations,  or  in  different  com- 
plex patterns.  The  lighter  bands  are  commonly  a  little  coarser. 
This  structure  can  not  be  due  to  mashing  under  great  pressure  and 
solid  flows  ge,  for  the  constituents  are  unstrained  and  the  plagioclase 
generally  untwinned.  It  may  be  ascribed  to  a  combination  of  local 
differentiation  and  flow  in  the  highly  viscid  material  just  before 
solidification.  As  in  the  butternut  granite  of  Craftsbury,  VL,  which 
is  a  similar  type,  rounded  secretions  1  to  3  inches  long  of  highly 
biotitic  material,  have  formed  in  many  places  in  the  gneiss,  as  at  the 
Monson  quarry  and  elsewhere,  so  similar  and  so  closely  spaced  that 
the  resemblance  to  an  altered  conglomerate  is  very  close.1 

In  many  places  these  secretions  are  all  symmetrically  lenticular 
or  grade  into  dark  blotches  of  biotite  and  epidote.  In  the  same 
way  the  gr  u  ite  in  many  places  shows  small  pebble-like  lenses  of 
gram  lar  qrntrti  and  feldspar,  and  these  become  more  flattened  and 
at  las*  grade  nto  flat  white  oval  areas  larger  than  the  hand,  which  are 

i  ThJ  vm  i.-  red  si  ■  conglomerate  when  It  tu  bettered  th«t  the  Bee***  granite 
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arranged  as  parallel  trains  on  the  foliation  faces  of  the  gneiss.  Many 
of  these  ovals  still  show  a  distinct  remnant  of  orbicular  structure 
in  alternate  concentric  rings  of  dark  biotitic  and  light  feldspathic 
material.  These  structures  grade  into  the  forms  of  banding  de- 
scribed above  and  all  seem  to  have  had  n  common  origin  in  local 
differentiation  and  stretching  into  streaks  by  viscid  flow. 

Microscopically  the  rock  is  of  the  simplest  granitic  texture  and 
equidimensional."  The  dark  constituents  are  a  few  biotite  and  epi- 
dote  scales  and  very  rare  hornblende,  allanite,  magnetite,  tourmaline, 
and  zircon.  The  light  constituents  are  limpid  and  commonly  free 
from  inclusions.  The  quartz  occurs  in  large  rounded  grains,  many 
of  them  surrounded  bv  a  band  of  smaller  ones,  and  is  a  residual 
crystallization,  for  it  includes  the  biotites.  The  feldspar  is  wholly 
triclinic,  ranging  from  oligoclase  to  labradorite,  and  commonly  has 
zonal  pebble-like  centers.  Much  of  it  is  without  visible  cleavage  and 
twinning,  though  the  twinning  may  increase  to  great  complexity. 

In  the  Monson  quarry,  where  the  vertical  foliation  runs  north  and 
south,  a  powerful  expansive  stress  is  still  stored  in  the  rock,  and  when 
the  rock  is  quarried  away  from  one  of  the  great  horizontal  sheets 
into  which  the  ledge  separates  these  sheets  sometimes  expand  and 
tear  themselves  from  the  rest  with  loud  explosions  and  considerable 
lengthening.' 

This  expansion  may  be  due  to  the  stored  force  of  crystallization, 
or,  though  the  schlieren  structures  previously  described  were  due  to 
liquid  flow,  the  vertical  foliation,  which  is  coincident  with  the  folia- 
tion of  the  adjacent  schist,  may  be  due  to  pressure,  and  this  north- 
south  stress  may  be  due  to  a  remnant  of  the  north-south  component 
into  which  the  compressive  force  would  be  resolved. 

The  Monson  granodiorite  occupies  the  bottom  of  a  remarkably 
deep  and  flat-bottomed  valley,  and  where  it  is  widest  in  New  Salem 
and  Greenwich  strange  isolated  peaks  arise,  such  as  Mount  Lizzie, 
Mount  Pomeroy,  Mount  L,  and  the  hills  east  of  Keuss  and  Curtis 
ponds.  (See  PL  VII.)  These  are  monadnocks  in  a  peneplain  that  is 
being  formed.  The  granodiorite  yields  more  readily  to  decomposing 
agencies  than  the  adjoining  schists,  and  bands  of  diorito  run  through 
the  sharp  peaks.   (See  p.  244.) 

The  somewhat  similar  Pelham  granite  on  the  west,  which  is 
bordered  by  the  same  schists  and  has  the  same  width,  is  not  at  all 
depressed  below  the  peneplain  level.  It  is  an  orthoclase  rock,  where- 
as the  Monson  is  a  plagioclaae  rock. 

The  valley  was  not  formed  by  normal  stream  erosion,  and  it  may 
have  been  deeply  decomposed  in  preglacial  time  and  largely  scooped 
oat  by  the  ice,  which  may  hare  carved  the  isolated  peaks  and  the 
curious  notches  by  which  streams  enter  and  leave  the  depression. 
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Along  the  eastern  border  of  the  Monson  band  in  Athol  and  Peter- 
sham the  rock  becomes  more  potassic  and  a  band  a  mile  wide  is 
porphyritic,  containing  Carlsbad  twins  an  inch  long;  here  the  rock 
rises  in  high  ground.  In  the  east  part  of  the  Monson  quarry  are 
local  dikelike  bands  of  a  very  coarse,  very  fresh  biotite  granite,  which, 
however,  blend  with  the  normal  gneiss.  The  rock  contains  great 
sheets  of  jet-black  biotite,  of  muscovite  containing  flattened  den- 
dritic films  of  magnetite  like  that  from  Pennsbury,  Pa.,  and  masses 
of  translucent  microcline  as  large  as  a  fist. 

In  the  Wilbraham  area  much  of  the  rock  is  a  good  quarry  stone, 
identical  with  the  Monson  type.  It  is  a  little  more  hornblendic  and 
magnetitic  along  the  western  and  northern  sides  and  much  crushed 
with  development  of  muscovite.  In  the  middle  and  eastern  portion 
it  is  a  much  coarser  biotite-epidote  gneiss,  without  fissility  but  com- 
monly foliated  by  the  parallel  arrangement  of  half-inch  blotches  of 
black  biotite  and  epidote.  In  places  abundant  small  thick  lenses 
of  granular  quartz  give  the  weathered  rock  the  aspect  of  a  conglom- 
erate, but  they  pass  into  beaded  quartz  veins.  Toward  the  south  the 
biotite-epidote  mixture  increases  and  the  rock  is  too  coarse  to  quarry. 

All  sections  show  the  feldspar  to  be  wholly  triclinic,  with  extinc- 
tion 15°  to  25°.  Epidote  grains  are  common  and  some  of  the  epidote 
is  intergrown  with  allanite. 

The  crushed  fine  granite  at  the  west  foot  of  Wilbraham  .Mountain 
at  its  south  end  and  the  contact  diorite  with  the  structure  of  true 
ribbon  gneiss  or  diorite  aplite,  100  rods  east  of  Scantic,  shows  that 
the  west  boundary  of  the  Amherst  schist  is  reached  in  that  direc- 
tion and  that  an  area  of  Monson  granodiorite  probably  extends  west 
beneath  the  red  sandstone. 

Chemical  co munition  of  Monson  granodiorite  and  associated  rock*. 
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NEW  SALEM  APLTTE. 

A  broad  microgranitic  border  zone  connecting  the  Dana  diorite 
with  the  central  granodiorite  (p.  241)  can  be  followed  around  the 
mass  of  Monson  granodiorite  in  Wilbraham.  The  same  is  true  around 
the  Monson  band,  although  in  that  locality  it  generally  contains  fine 
biotite  scales  and  garnets  or  is  blended  with  the  band  of  diorite  in 
many  narrow  alternations,  forming  a  "  ribbon  gneiss,"  so  that  they 
are  described  together  below.  The  broad  lobe  of  the  gneiss,  which 
extends  up  from  Enfield  through  Prescott  and  New  Salem,  is  all  very 
fine  grained  and  aplitic,  though  it  is  uniformly  biotitic  and  is  made 
up  of  quartz,  orthocla/se,  and  sodic  plagioclase.  It  has  in  places  a 
tourmaline-bearing  border.  Around  the  more  siliceous  Pelham  band 
the  hornblendic  border  is  narrow  or  absent,  and  the  aplitic  band  as 
a  rule  is  absent. 

The  aplite  in  Dana  east  of  the  center  of  the  mass  has  no  mica, 
titanite.  or  garnet,  and  little  magnetite,  zircon,  or  apatite.  It  is  a 
fresh  sugary  granular  mixture  of  quartz  and  sodic  plagioclase. 

DANA  DIORTTE. 

A  broad  band  of  a  black  hornblende-plagioclnse  rock,  generally 
foliated  and  then  commonly  called  hornblende  schist,  forms  a  selvage 
to  the  Monson  granodiorite  and  follows  all  the  sinuosity  of  its 
boundary.  It  also  borders  all  the  large  areas  of  the  schistose  rocks 
resting  in  this  gneiss.  A  second  band  of  a  white,  very  fine  gmined 
granite  or  aplite  commonly  occurs  next  inward,  separating  this  mafic 
zone  from  the  normal  coarser  gray  granite  gneiss  of  the  central 
area.  It  is  assumed  that  the  dark  minerals  have  been  concentrated  in 
this  dark  border  zone  and  that  the  inner  aplitic  band  represents  the 
depleted  zone  from  which  these  minerals  have  migrated.  The 
granites  having  this  dark  border  are  those  rich  in  calcium  and  sodium 
and  lie  on  the  border  between  granite  and  quartz  diorite.  • 

The  rock  is  made  up  of  grains  or  stout  blades  of  black  hornblende, 
which  is  green  with  blue  pleochroism  on  c,  or  more  rarely  brown  by 
transmitted  light,  and  of  a  triclinic  feldspar  in  white  grains.  Biotite, 
magnetite,  titanite,  apatite,  epidote,  and  pyroxene  occur  in  quantities 
that  differ  from  place  to  place.  Zonal  growth  in  the  feldspar  and 
resorption  are  common.  In  places  a  pebble-like  half-resorbed  grain 
of  very  calcic  plagioclase  is  inclosed  in  later  zonal  material  that  be- 
comes more  sodic  outward,  and  in  different  sections  nearly  the  whole 
range  of  the  triclinic  feldspars  can  be  found.  Some  orthoclase  or 
quartz  is  common  as  the  beds  grade  inward  into  the  granite.  There 
is  do  crushing  or  later  alteration.  A  fine  section  ia  exposed  in  the 
railroad  cat  at  Bed  Bridge,  west  of  Three  Rivera. 
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This  dark  border  appears  in  several  varieties  which  throw  light 
on  its  mode  of  formation.  It  may  be  massive,  (1)  a  true  diorite;  or 
(■2)  foliated  parallel  to  its  surface  of  contact,  as  if  the  crystal  grains 
were  brought  into  the  parallel  position  by  slight  flow  or  pressure ;  or 
(3)  dikelike  masses,  which  may  be  interpreted  :is  offshoots  of  the  sel- 
vage, appear  in  the  adjacent  schists  as  if  a  portion  of  the  mafic 
magma  had  been  injected  into  the  schists.  At  some  places  this  ap- 
pears to  be  a  soaking  of  the  adjacent  schist  with  dark  minerals  rather 
than  a  distinct  injection.  Again  (4)  the  dark  layer  seems  in  places 
to  have  been  removed  by  flow,  and  the  siliceous  aplitic  band  comes  in 
contact  with  the  schist  border,  as  in  the  hills  south  of  Palmer.  (5) 
The  black  diorite,  2\  miles  northeast  of  Belchertown  village,  is  cut  by 
a  dike  an  inch  thick,  composed  of  gray  hornblende  granite  that  con- 
tains about  half  as  much  hornblende  as  the  diorite.  (See  PL  VIII, 
A.)  This  dike  is  cut  by  later  dikes  of  aplite  that  contain  much  less 
hornblende  in  several  generations,  each  with  less  hornblende  than  its 
predecessor,  and  the  last  dike  is  almost  white,  like  the  type  of  the 
white  aplite  of  the  Monson  granodiorite  adjacent  to  the  diorite. 
This  relation  indicates  the  formation  within  the  granite  of  less  and 
less  mafic  contact  layers  after  the  segregation  and  solidification  of  the 
thick  black  diorite.  A  part  of  each  of  these  layer's  was  injected  suc- 
cessively into  the  black  diorite,  and  the  rest  removed  by  the  motion 
of  the  still  liquid  mass,  so  that  white  aplite  now  rests  against  the 
black  diorite  and  the  gray  intermediate  varieties  are  absent  as  con- 
tact border  layers.  (6)  The  "ribbon  gneiss"  (see  PL  IX,  B)  is 
made  up  of  thin  alternating  layers  of  the  black  diorite  and  a  white 
aplite,  commonly  about  an  inch  in  thickness,  making  up  a  band 
several  hundred  feet  thick,  which  extends  along  the  border  for  miles. 
It  is  well  developed  across  Ware  and  Dana,  indeed  clear  across  the 
State  and  in  the  distant  Shelburne  Falls  batholith  (PL  IX,  A).  It 
seems  to  have  been  formed  much  after  the  manner  of  orbicular  granite. 
The  dark  mafic  layer  attains  a  definite  thickness  against  the  contain- 
ing schist,  and  consolidation  extends  beyond  this  mafic  layer  into  the 
adjacent  white  felsic  layer,  forming  a  new  surface  against  which  the 
mafic  material  again  concentrates  and  solidifies  as  before,  and  condi- 
tions were  so  nicely  balanced  that  this  alternation  continued  for  a  long 
t  ime.  Elsewhere  the  bands  are  finely  stretched  ( fig.  1 ,  p.  246 ) ,  the  more 
brittle  hornblendic  bands  having  cracked  and  separated,  or  the  bands 
are  most  complexly  corrugated  by  some  fluidal  motion  of  the  adjacent 
mass  or  later  compression,  as  north  of  Pattapaug  Pond  in  Dana  and 
northwest  of  Dana  village  (PL  IX,  .4).  (7)  Again,  large  sheets  of 
the  same  diorite  occur  deep  in  the  central  granite,  some  of  them  a 
mile  from  the  present  border  and  in  long  ranges  rudely  parallel  to 
this  border.  They  may  be  portions  of  the.former  contact  rone  die- 
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lodged  from  their  place  of  formation  in  the  roof  of  the  batholith  and 
sunk  in  the  mass.  They  are  of  the  same  type  as  the  nearest  adjacent 
portion  of  the  border  zone.  They  rest  in  the  coarse  granite  without 
the  adjacent  aplite  zone  generally  present  in  their  normal  position 
and  so  are  not  ■  pendants  "  from  the  former  cover.  They  have  pro- 
duced no  effect  upon  the  adjacent  granite  and  do  not  show  any  such 
border  facies  as  would  be  expected  in  dikes  so  large. 

Moreover,  pegmatite  appears  in  some  places  irregularly  and  in 
considerable  quantity  beneath  the  bands  of  the  hornblende  rocks 
that  have  sunk  into  the  middle*  of  the  granite  and  forms  curious 
selvages  to  them,  as  if  the  large  inclosures  of  the  hornblende  rock 
had  intercepted  some  of  the  rising  water.1 


Fucu  1.— BlUfon  gneiss  from  roadside  at  aoBth  base  of  Mount  IWuoy,  Greenwich,  Him. 
The  ipfclim.  which  cornea  from  a  maaa  of  the  ribbon  gneiss  that  Uea  la  the  mUUt  of  the 
granite,  shown  stretching  by  tension  during  flow,  which  caused  disruption  at  the  dark 
dlortts  la/ara.  -V %2gK^U  jl*. 

The  border  rock  and  an  adjacent  dike  in  the  schists  from  the  high 
ground  northwest  of  the  Duncan  place,  14  miles  northeast  of  Palmer 
Center,  were  especially  studied  and  the  parts  separated  by  the  magnet 
and  heavy  solutions  were  analyzed  separately  by  W.  F.  Hillebrand. 
The  border  rock  was  a  dark  medium  hornblende  gneiss  at  the  sharp 
contact,  becoming  a  corrugated  ribbon  gneiss  inward  and  appearing 
in  many  large  lenses  in  the  granite.  The  whole  band  is  12  rods  wide. 
It  contained  brown  hornblende,  red  biotite  bordered  by  green,  much 
granular  plagioclase  (extinction  3j°  on  ft {010}),  and  much  black 
titaniferouB  ore.  The  border  dike  was  a  similar  dark  massive  granu- 
lar rock  of  loose  open  texture  and  fine  grain,  white-spotted  with  the 
feldspar  grains. 


»  for  UaatratteM  mC.  1  OwL  Survey  BoU.  US.  p.  75,  ISM. 
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Chemical  eomiionition  of  liana  dlorite,  adjninlnp  diorite  dikct,  and  their  con- 

utituent*. 


[AnalyKt,  W.  F.  Hillebrand.) 
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L  Pikelike  man  of  Dana  dlorite  In  BrimOeld  schist,  15  rods  front  border.  One  and  one-fourth  miles 
northeast  of  Palmer  Center. 

2.  Dana  dlorite,  contact  facie*  (snrargnoae),  name  locality.  Taken  from  the  vicmlty  of  the  Monaco 
grand  lortte. 

la.  Hornblende  from  I.   Specific  gravltr  at  J1.5*  C,  USX 
2a.  Hornblende  from  2.  Specific  gravity  at  29*  CL,  3.a7. 
lb.  AndealM  from  1.   Specific  gravity  at  24*  C,  1867. 
2b.  Andesinefrom  X   Specific  gravity  at  22*  C,  X887. 
lc  Recalculation  of  lb  to  100. 

2c  Recalculation  of  2b  to  l«a  •«..«••  •  SJT  m ,« 

The  mineral  constitution  was  approximately  calculated  from  care- 
ful measurement  of  the  separated  portions  and  from  the  partial 
analyses  by  Hillebrand. 


Mineral  constitution  of  Dana  diorite. 
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QUARTZ  MONZOXITE. 

An  interesting  club-shaped  dike  of  exceedingly  fine  biotitic  grani- 
toid rock  20  rods  thick  at  its  thickest  end  cuts  across  the  boundary 
of  the  Dana  diorite  and  Brimfield  schist  east  of  the  apex  of  Fallon 
Hill  in  Enfield.  It  contains  microcline,  oligoclaae,  quarts,  biotite, 
and  garnet   It  is  very  micrographic.  *V|MMje0MM 

An  analysis  by  George  Steiger  of  the  rock  from  the  northern  nar- 
rowed end  of  the  dike  gave  the  results  expressed  below.  The  rock 
is  a  latwnoM-alf^chose,  J*Hr-  •>n*o  't^NMHi 
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Chemical  RMHjNMifiON  of  quartz  tiionzonite  from  Enfield. 
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SHELBUBNE  FALLS  BATHOLITH. 
GENERAL  CHARACTER. 

A  characteristic  mass  of  the  gray  hiotite  gneiss  of  the  Monson 
granodiorite  type  is  exposed  at  the  surface  in  a  short  eroded  anti- 
cline or.  quaquaversal  in  the  Conway  schist  in  Shelburne  Falls.  It 
is  surrounded  by  a  very  broad  band  of  the  ribbon  gneiss  in  many 
fine  alternations  of  white  aplite  and  black  diorite  of  the  type  of  the 
Dana  diorite,  now  greatly  contorted  and  faulted.  The  exposure  is 
Indeed  the  cross  section  of  a  giant  spherulite.    (See  PI.  IX,  B.) 

PELHAM  GRANITE  AND  ITS  SILICEOUS  BORDER. 

The  fine-grained  gray  Pelham  granite,  commonly  gneissoid,  begins 
in  Xorthfield,  attains  in  a  short  distance  a  width  of  8  miles  and  con- 
tinues southward  across  six  townships,  ending  against  the  Belcher- 
town  tonalite.  The  band  of  Monson  granodiorite  in  Wilbraham 
south  of  this  mass  seems  to  be  a  continuation  of  the  Pelham.  The 
rock  is  so  similar  in  appearance  and  in  associations  to  the  Pelham 
granite  that  it  is  surprising  to  find  that  the  Pelham  contains  10  per 
cent  more  silica  and  is  a  potash  rock  (orthoclase  and  microcline) 
instead  of  a  soda-lime  rock,  like  the  Monson.  Its  foliation,  unlike 
that  of  the  other  batholiths  of  the  group,  is  not  vertical  but  forms  a 
flat  arch,  which  is  centrally  horizontal  and  dips  east  and  west  at  low 
angles. 

The  rock  splits  with  the  foliation,  generally  in  very  broad  slabs 
6  or  8  inches  thick,  which  have  a  strongly  stretched  appearance,  as 
the  mica  scales  occur  in  long  streaks  and  bands  on  these  foliation 
faces  or  alternate  with  long  oval  blotches  of  whiter  color  made  up 
of  coarse  feldspar  and  quartz.  The  structure  seems  to  have  been 
formed  parallel  to  the  old  surface  of  the  batholith  by  plastic  flowage 
c  ombined  with  orbicular  growth  during  consolidation.  It  is  locally 
spherulitic.  It  is  not  due  to  mashing,  as  is  shown  by  the  horizontal 
foliation  and  the  unstrained  condition  of  the  constituents. 

The  rock  is  light  gray  and  is  made  up  mostly  of  a  granular  mixture 
of  quartz  and  potash  feldspar,  both  so  glassy  as  to  be  hardly  distin- 
guishable, and  shows  micrographic  texture.  It  is  streaked  with 
trains  of  shining  black  biotite  scales,  with  epidote  grains,  and  a  few 
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garnets.  Most  of  the  rock  in  the  northern  half  of  the  mass  is  blotched 
by  distant  black  spots  of  hornblende  a  quarter  of  an  inch  square,  and 
contains  abundant  brown  crystals  of  titanite  over  large  areas. 

Oriented  sections  cut  from  the  very  slightly  foliated  rock  of 
Fraley's  quarry  in  Erving  showed  no  differences  in  character. 

The  aspect  of  the  oriented  slides  from  the  highly  foliated  rock 
of  Ward's  quarry  in  Pelham  was  very  different.  The  section  in  the 
plane  of  the  principal  rift — the  foliation  plane — showed  the  maximum 
number  of  microcline  grains  and  broad  fields  of  quartz  and  feldspar. 
Of  the  sections  at  right  angles  to  the  foliation  plane  the  one  paral- 
lel to  the  dip,  the  "grain,"  showed  all  the  constituents  markedly 
elongate  and  fewer  microcline  grains  with  the  twin  banding  only 
partly  shown.  The  end  section,  cut  normal  to  the  dip,  showed  very 
little  microcline  twinning  and  a  granular  texture  which  had  a  much 
more  clastic  aspect  than  the  sections  cut  in  the  other  two  planes. 

This  granite  is  crisp  and  friable  and  is  thus  easily  worked.  The 
portions  which  do  not  split  into  too  thin  slabs  make  a  durable  and 
valuable  building  stone. 

The  greater  freshness  and  uncrushed  condition  of  the  gneiss  as  com- 
pared to  the  much  crushed  and  weathered  state  of  the  tonalite  and  the 
continuity  of  the  mafic  border  around  all  the  sinuosities  of  the  granite 
contact  makes  it  probable  that  the  granite  is  the  younger  rock. 
Chemical  rvmpotition  of  Pelham  granite. 
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1.  Ptlhun  grmnfta  (tia— —  tiai'anim).  PrsJay**  quarry,  Erring,  If  an.   Grorp  Stcfctr,  analyst. 
X.  Palham  fraalta  (t  i  if)    Ward's  quarry,  Fatban,  Uua.  George  Stale*,  analyst. 

DIORITE  SCHISTS  OK  AMPUIBOLTTES  ON  THE  BORDER  OF  THE  PELHAM 

OBAN  ITS. 

The  Monson  granodiorite  and  the  Pelham  granite,  although  some- 
what different  chemically,  are  physically  very  similar  and  probably 
are  portions  of  one  large  mass.  It  was  therefore  not  thought  need- 
ful to  differentiate  on  the  map  their  mafic  border.  This  mafic  border 
is  naturally  less  prominent  on  the  more  siliceous  rock  and  indeed 
decreases  to  the  north  and  is  at  last  replaced  by  thick  bands  of  the 
highly  siliceous  rocks  described  below. 
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SILICIC  DIFFERENTIATES  OF  THE  PFXI1AM  GRANITE. 

mmuunv 

The  band  of  granite  gneiss  which  runs  through  Wilbrnham  and 
is  cut  bv  the  tonalite  in  Bekhertown  continues  north  through  Pelham 
to  Xorthfield.  At  its  south  end  it  is  a  very  mafic  rock  like  the 
Monson  band  next  to  the  east,  but  as  it  crosses  Pelham  it  is  found 
by  chemical  and  microscopic  analyses  to  become  gradually  a  very 
felsic  rock.  The  Monson  rock  in  the  southern  area  contains  65.02 
per  cent  of  silica;  the  Pelham  granite  in  Pelham  contains  72.45  per 
cent  of  silica  and  in  the  northern  area  in  Erving  74.15  per  cent 
The  Monson  extends  in  a  broad,  mauy-lobed  mass  across  the  State 
and  has  everywhere  a  broad  diorite  border  rone  against  the  adjacent 
schists.  As  a  rule  an  equally  broad  band  occurs  inside  this  border, 
separating  it  from  the  normal  granite.  This  band  is  whiter  and  com- 
monly finer  grained  than  the  granite ;  indeed  in  many  places  it  is  de- 
veloped as  an  aplite.  I  have  followed  the  diorite  band  136  miles 
around  the  Monson  batholith  in  Massachusetts.  The  gneiss  in  Wil- 
braham  west  of  the  Monson  rock  has  the  same  diorite  and  aplite 
band,  but  where  it  reappears  in  Belchertown  these  bands  become 
thinner,  and  in  Pelham  the  diorite  band  disappears  and  the  aplite 
is  replaced  by  a  band  of  contact  quartz  rock,  which  thickens  and 
grows  coarser  to  the  north  and  becomes,  in  Crag  Mountain,  over  300 
feet  thick.  Its  coarser  varieties  resemble  a  vein  quartz  or  greisen  or 
pegmatite,  without  feldspar;  its  finer  varieties  resemble  a  quartzite 
Like  the  Cambrian  in  the  Berkshire*.  As  a  pegmatite  or  aplite  dike 
may  pass  into  a  quartz  vein,  the  mass  of  the  batholith  seems  here 
to  pass  on  a  Large  scale  upward  into  this  quartzose  variant. 

Though  the  exterior  resemblance  is  close,  it  is  not  wholly  satis- 
factory to  apply  the  name  greisen  to  this  rock,  for  it  does  not  seem 
to  have  been  formed  by  Later  pneumatolytic  changes  whereby  the 
feldspar  of  the  granite  has  been  removed  but  is  rather  an  original 
persilicic  contact  differentiate  and  deposit  of  the  magma. 

As  it  is  a  member  of  the  unaltered  plutonic  series  and  can  not 
be  called  a  vein  quartz,  a  quartzite,  or  a  greisen,  it  is  named  north- 
fieldite,  from  the  mass  in  Xorthfield  that  forms  Crag  Mountain., 

The  other  type  of  the  northfieldite  is  the  rock  that  forms  the  crest 
of  Mount  Orient  in  Pelham,  where  it  is  120  feet  thick.  It  contains 
more  than  93  per  cent  of  silica  and  has  the  aspect  of  a  slightly  actino- 
litie  or  biotitic  quartzite  or  an  extremely  quartzose  aplite. 

When  the  gneiss  was  thought  to  be  an  altered  Cambrian  conglom- 
erate the  quartzose  upper  Layer  was  thought  to  be  the  equivalent  of 
the  Cheshire. '  The  bedding  of  the  gneiss  is  in  a  broad  arch  with  low 
dip  to  east  and  west,  and  the  northfieldite  generally  forms  a  super- 

•  SWima,  B.  X„  Northfl.ldiu,  pifMUti,  «c<3  p«njmatiu  tchUt :  Am.  Jour.  ScL,  4U>  Mr. 
aal.  ««.  pp.  SIS-tIT,  !•!«. 

•  D.  S.  OmL  torvty  Mm.  SS,  p.  44,  IMS. 
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ficinl  layer  on  the  gneiss.  The  transition  of  the  one  into  the  other,  is 
perfectly  exposed.  It  is  a  fine-grained  light-colored  rock,  in  places 
quite  biotitic,  and  garnet,  zircon,  rutile,  and  a  little  feldspar  are 
found  in  it  with  the  microscope. 

The  rock  in  this  western  area  generally  contains  many  minute 
needles  of  tremolite  or  actinolite,  but  these  minerals  may  be  assumed 
to  be  derived  by  absorption  from  a  former  cover,  which  included 
the  thick  Bernardston  limestone,  as  they  are  absent  in  the  eastern 
occurrences,  and  as  calcite  is  also  found  in  the  neighboring  granite 
in  many  places.  (Sec  p.  48.)  Indeed,  2  miles  north  of  Mount  Orient 
a  small  inclosure  of  coarse  crystalline  limestone  was  found  in  the 
northfieldite,  and  at  the  contact  the  northfieldite  contains  much  more 
und  coarser  actinolite  than  a  few  incites  away. 
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1.  Northflaldlu,  MBBSWa  Maaat  Orient,  ralhaax  Ararat  ret*,  traea  of  actinolite.  K.  T.  Allan, 
analyst.  « 

Z  NorthfteJdJw,  60  faat  below-  aa  rat  atopa  at  Maul  Orient  and  ao  about  40  iaat  abora  trace 

ofblottta.  E.  T.  Ulan,  aantyat. 

I-  C(waaactia<iUta-t>uitaBartha«aia«,haDow  at  aaat  loot  of  Mount  Orient,  In  tba  fnataa.  E.  T.  ABml 
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4.  HurhlT  erttnoiHIr  BortnAaidlta.  Mount  Orient,  aorta  lara,  t  to  3  Iaat  above  ban.  Thji  ipec-imao 
tontaini  minute  Oakaaotcrephit*.  It  ami  cmnrfuljj  tested  tor  molybdenum  without  nmm  K  T '.  Uan. 
analjraC  - 

i.  Northfieldite  Itacheafroaa  calrite,  If  m.lnnonbee*  by  aorth  of  Haunt  orient.   J.  D.  7-lnn, analyst. 

In  the  region  of  transition  from  the  mafic  to  the  felsic  border  zones 
on  the  north  line  of  Pelham  and  2  miles  north  of  the  type  locality 
on  Mount  Orient,  both  border  types,  the  coarse  and  the  fine,  are 
present  in  their  normal  relations  to  the  subjacent  granite  gneiss. 
The  northfieldite  occupies  an  area  nearly  a  mile  square  in  a  white 
fine-grained  sugary,  commonly  friable  mass,  containing  a  little  biotite 
or  actinolite*  The  bedding  of  the  gneiss  dips  under  it  on  either 
side  with  very  low  angles.  Long  bands  of  a  black,  rather  coarse 
diorite,  in  some  places  banded,  in  others  massive,  rest  on  the  north- 
fieldite, which  dips  beneath  them  from  either  side.  These  bands  are 
not  very  thick  and  may  be  remnants  spared  by  the  erosion  of  a  con- 
tinuous layer  separating  the  northfieldite  from  the  overlying  sedi- 
mentary schist  into  which  the  great  batholith  penetrated.  The 
diorite  may  well  hsve  capped  the  Mount  Orient  area  to  the  south 
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but  disappeared  in  a  short  distance  to  the  north,  as  the  northfieldite 
is  there  found  in  contact  with  the  overlying  schist  without  any 
diorite  band  between.  Indeed,  in  Crag  Mountain  a  band  of  highly 
muscovitic  rock  (pegmatite  schist)  takes  its  place. 

The  rock  has  the  aspect  of  a  greisen,  a  coarse  pegmatite  without 
feldspar.  It  is  a  coarse  vein  quartz  in  flat  bands,  about  an  inch 
thick,  with  distinct  films  of  shining  white  muscovite.  This  rock 
appears  in  mountain  masses  and  for  miles  composes  the  major  part 
of  the  ridge  of  Brush  and  Crag  mountains.  It  is  here  about  300 
feet  thick.  At  the  end  of  the  blind  road  that  leads  to  the  north  end 
of  the  mountain  it  is  pseudoconglomeratic. 

Sections  cut  from  the  rock  at  this  place  were  composed  of  a  mass  of 
coarse  limpid  interlocking  unstrained  quartz  grains  which  commonly 
contain  rounded  blebs  of  quartz  differently  oriented  from  the  host, 
probably  indicating  rapid  crystallization.  It  contains  a  few  blades 
of  muscovite  and  small  triangular  crystals  of  tourmaline,  some  zircon, 
negative  quartz  cavities,  and  large  motionless  bubbles. 

A  second  great  mass  of  the  same  border  rock  appears  farther  north, 
extending  into  Winchester.  The  same  rock  appears  in  great  quantity 
in  the  hill  a  mile  north  of  Tully  ville,  where  it  occupies  a  circular  area 
a  mile  across.  Another  area  more  than  3  miles  long  and  in  places  50 
rods  wide  runs  up  past  Mallard  Hill  in  the  east  part  of  Warwick. 
These  areas  seem  to  be  domes  of  other  similar  batholiths,  which  if 
more  deeply  eroded  would  expose  centers  of  normal  Pelham  granite. 

PEOMATITE  SCHIST. 

The  great  Crag  Mountain  band  forms  a  border  to  the  Pelham 
granite  for  a  long  distance  and  is  divisible  into  a  thick  bed  of  quartz- 
ose  rock  (northfieldite)  adjacent  to  the  granite  and  a  thinner  upper 
bed,  perhaps  50  feet  thick,  of  a  coarse,  highly  muscovitic  pegmatite 
schist  It  is  everywhere  highly  garnetiferous  and  some  of  the  gar- 
nets are  an  inch  across,  as  at  the  locality  where  the  road  going  east 
from  Sky  farm  crosses  the  band. 

Several  of  the  great  pegmatite  stocks  farther  south  show  in  part 
the  same  bordering  pegmatite  schist  facies,  as  at  the  south  end  of  the 
great  stock  just  north  of  New  Salem  village,  described  below.  In- 
deed I  have  mapped  as  pegmatite  a  broad  band  that  runs  from  West 
Orange  north  through  Hockanum  Hill,  though  it  then  passes  into  a 
coarse  pegmatite  schist  by  loss  of  its  feldspar  and  continues  north- 
ward in  a  narrow  band  for  7  miles.  On  Osgood  Brook  in  Wendell 
is  an  oval  stock  of  coarse  pegmatite,  which  has  a  border  of  the  same 
coarse  highly  muscovitic  quartzite.  Indeed  the  other  great  pegmatite 
bodies  in  the  region  are  closely  sllied  with  the  northfieldite  masses 
and  are  commonly  in  part  decidedly  greisen-like. 
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The  large  mass  of  pegmatite  in  New  Salem  deserves  special  con- 
sideration, because  it  is  distinctly  later  than  the  Monson  granodiorite, 
for  it  has  penetrated  and  dislocated  the  contact  diorite  band  of  the 
Monson  in  a  marked  way,  has  added  much  to  the  contact  metamor- 
phism  of  the  schists,  and  has  developed  a  peculiar  hornblende  contact 
zone.  It  is  a  long,  narrow  mass,  at  most  a  mile  wide  and  over  G  miles 
long,  extending  from  New  Salem  Center  past  North  Village  and  into 
Orange.   It  is  a  two-mica  granite;  the  main  and  first-arrived  mass  is 
generally  rather  coarse  but  sinks  to  fine  grain.    It  is  generally  wholly 
massive  but  in  places  is  rudely  foliated,  rusty,  and  very  micaceous 
where  it  seems  to  have  melted  much  of  the  mica  schist  into  its  mass. 
These  original  characters  are  mostly  disguised  by  the  great  amount 
of  coarse  pegmatite  in  great  dikes  or  in  irregular  segregated  masses 
which  penetrate  ,the  earlier  portion.  The  great  contact  diorite  band 
of  the  Monson,  30  rods  wide,  comes  down  from  North  Pond  in 
Orange  and  can  be  traced  a  mile  across  the  pegmatite  mass  to  the 
place  where  it  ends  abruptly  in  the  high  hill  half  a  mile  west  of 
North  N  ew  Salem.    It  appears  again  a  quarter  of  a  mile  farther 
south  in  the.  fine  gorge  of  the  brook,  where  it  has  been  diverted  from 
its  normal  direction  and  the  bare  walls  of  the  gorge  show  the  bound- 
ary continuously.    The  mica  schist  shows  a  gradual  increase  in 
metamorphism  as  it  approaches  the  pegmatite.   The  grain  becomes 
much  coarser,  and  there  is  a  greater  impregnation  with  coarse 
muscovite.  Directly  at  the  contact  the  mica  schist  is  changed  at  dif- 
ferent exposures  for  several  miles  along  the  boundary  into  a  fascicu- 
late schist,  a  mica  scbist  full  of  great  plumose  wisps  of  hornblende 
or  tremolite  blades.    Some  of  these  groups  are  more  than  an  inch 
long  and  half  an  inch  wide,  but  generally  they  are  smaller,  and  in 
some  places  the  mica  schist  is' simply  filled  with  dark  blades  until  it 
becomes  a  real  black  hornblende  schist   This  schist  crosses  the  con- 
tact diorite  at  right  angles' where  the  diorite  leaves  the  pegmatite, 
and  no  two  rocks  could  be  more  unlike.   The  diorite  is  everywhere 
exceedingly  thick  and  is  found  only  along  the  border  of  the  Pelham 
granite,  with  which  it  blends  below  as  if  the  two  rocks  formed  one 
mass. 

COARSE  GRANITES  SURROUNDED  BT  LARGE  MINERAL-BEARING 
PEGMATITE  DIKES  AND  QUARTZ  VEINS. 

WILLIAMSBURG  GRANODIORITE.1 

series  of  large  and  irregular  areas  of  granodiorite  to  which  the 
*  Williamsburg  granodiorite  is  given,  from  its  development 
•  t  \  'illiamsburg,  extends  south  from  Goshen  into  Connecticut,  form- 
ing che  eastern  rim  of  the  Berkshire  Hills.  The  rock  seems  to  pass 


1  For  nomencUtnr*       V.  R.  Ocol.  Purr* y  Men.  29.  p.  112,  ISM. 
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beneath  the  Triassic  and  appears  east  of  Mount  Toby  and 
VnTerst.    It  is  the  peculiar  characteristic  of  tins  granodiorite that 
it  bsurroundcd  bv  .^exceptionally  broad  halo  of  pegmatitic  dikes 
which  abound  in  minerals  of  the  rare  elements,  beyond  which  is  a 
recicn  of  large  quart*  veins.   

Its  central  areas  are  a  fine  to  medium  nnd  regular  grained  biotite 
granite  with  a  constant  small  admixture  of  muscovite.  The  simple 
coarse-meshed  microcline  is  subordinate,  the  plagioclase  is  abundant 

The  grain  of  the  rock  differs  widely.  Cireat  sheets  and  streaks  of 
coarser  and  commonly  very  coarse  grain,  in  some  places  wholly  mus- 
covitic,  blend  without  distinct  boundaries  with  the  normal  granite. 

Vround  Leeds  dikes  of  five  or  six  generations  may  cut  the  mass, 
some  fine-grained,  some  coarse,  some  coarse  at  the  center,  and  some 
coarse  at  the  edges.  In  Leverett  the  granodiorite  is  greatly  cut  by 
fine  aplite  dikes  and  later  by  large  coarse  pegmatite  dikes,  many  of 
them  finer  at  the  border,  or  by  dikes  of  quartz-rauscovite  rock. 
These  dikes  increase  in  number  toward  the  border  until  they  swarm 
in  several  generations  of  every  size  and  the  original  granite  almort 
disappears.  C.reat  numbers  of  them  appear  also  far  beyond  the 
granite  stocks  in  the  schists,  and  farther  out  great  veins  of  quarts 
take  their  place. 

The  following  analysis  shows  the  chcnr.cal  character  of  the  »  il- 
liamsburg  granodiorite.  The  specimen  was  taken  from  the  best  stone 
at  Moore's  quarry,  Florence,  Mass.  The  rock  is  a  lassenoee. 


Ckrmical  composition  oj  WiOiamaomrt  granodiorite. 
|L.  Q.  EaJdaa.  analyat  ) 
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The  rare  elements  appear  only  in  pegmatite  dikes  in  the  v.-hists 
enrrounding  the  greet  granite  areas  end  are  not  found  in  the  biotite 
granite  dikes  or  within  the  great  central  region  of  granite,  as  is 
shown  by  the  list  of  localities  given  below.  These  facts  indicate  thet 
the  pegmatitic  dikes  were  the  later  products  in  the  ootnplek.  aeries  of 

•  For  Iwrnptki  wt  all  t*a  »l*tr»U  bin  netUaiJ  Mt  C.  8.  OaoL  hne  1?a 
IMS. 
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granitic  rocks  in  the  region  and  that  they  may  have  originated 
through  fumarole  activity,  using  the  term  in  a  wide  sense.  Further- 
more these  rare  elements  are  confined  to  parts  of  the  pegmatite  dikes 
that  differ  materially  in  structure  and  chemical  and  mineral  compo- 
sition from  the  mass  of  the  dikes,  nnd  these  parts  are  spoken  of  below 
as  secondary  veins.  An  exceptional  occurrence  in  the  central  granite 
at  the  quarry  in  Florence  may  throw  light  on  the  process  of  forma- 
tion. Here  broad  flat  surfaces  of  the  granite  are  covered  by  beautiful 
dendritic  growths  of  jet-black  tourmaline,  and  the  surface  of  the 
biotite  granite  is  changed  to  a  depth  of  one-eighth  of  an  inch  to 
a  slightl.v  coarser  muscovite  granite,  thus  forming  a  layer  of  luxu- 
Iianite.  Here  emanations  of  boric  acid  have  passed  through  a  fissure 
in  the  newly  solidified  and  htill  heated  rook,  promoting  the  devel- 
opment of  tourmaline  and  muscovite  and  removing  the  biotite. 

In  the  Clarke  ledge  described  below  the  secondary  vein  is  a  very 
thin  flat  sheet  about  2  feet  thick,  placed  vertically  and  at  right 
angles  to  the  east  wall  of  the  grant  dike.  It  is  of  unknown  vertical 
extent  and  runs  into  the  middle  of  the  dike  20  or  30  feet  Its  shape 
and  marked  banding  suggest  the  idea  that  a  crack  may  have  formed 
in  the  Mill  highly  heated  pegmatite  by  some  sadden  stress  and  have 
been  filled  from  below  by  the  different  magma  (or  solution,  liquid 
or  gaseous)  containing  boric  acid  and  rare  earths,  which,  as  both 
were  so  hot,  blended  with  the  pegmatite  walls  and  assumed  against 
them  a  veinlike  and  almost  comby  structure. 

The  veinlike  shape,  however,  is  rare,  but  the  symmetric  banding  is 
common,  and  the  introduction  or  development  in  this  way  in  the  still 
liquid  pegmatitic  magma  of  irregular  portions  (schlieren)  of  the 
rare  earth  magma  (for  the  two  magmas  are  not  miscible  at  certain 
temperatures)'  may  well  have  given  rise  to  the  secondary  bodies 
and  their  symmetric  veinlike  banding.  . 

oazAT  TOTraxAun-aFODTricrra  mrx. 

The  Maccrober  Hpodumene  ledge,  the  Clarke  tourmaline  ledge,  the 
West  Chesterfield  Hollow  ledge,  and  the  well-known  Walnut  Hill 
spodumene  ledges  (the  last  in  Huntington,  the  others  in  Chesterfield) 
are  all  parts  of  one  continuous  or  nearly  continuous  vertical  dike 
of  coarse  pegmatite,  which  is  faulted  and  its  south  half  thrown  east 
at  West  Chesterfield  Hollow.  Julien  *  says:  •••  •  . 

At  Marnmher'a  ledpe  In  Chesterfield  the  coarse  orthorlaw  granite  (per- 
raatlte]  of  tlie  main  win  contain*  film*  of  margarodlte  and  few  Imperfect  green 
beryla,  while  la  the  aeconuarr  vein  the  ■ucceaalon  aeema  to  hart  been,  flrat 

1  Blckitrfin.  rialga.  Cauaaa  of  magmatle  dlflYrrnnatton :  Jour  Otology,  roL  1,'  n  T70. 
ISM.  ..,<•>..  \   •  "  4 

' JulUn.  A.  A.,  ■podnauoo  and  1U  alteration*:  Ne»  Tori  Acad.  8d.  Anaaia,  toL  1, 
p.  Ul,  ISM.  \X 
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quartz,  muscovite,  granular  alblte.  tourninllne.  nnd  spodumene;  then  cleave- 
landite. quartz,  manganese  garnet,  and  zircon;  and.  Anally,  smoky  quartz  with 
green  and  blue  tourmaline.  The  larger  crystals  of  most  of  these  minerals  pene- 
trate through  all  the  layers  and  their  growth  seems  to  have  been  continuous. 

At  Clarke's  ledge  In  Chesterfield  the  main  granite  vein  [pegmatite!  Is  of  the 
same  general  constitution  as  that  Just  described,  rarely  showing  a  few  large 
beryls.  In  the  secondary  vein  no  spodumene  occurs,  but  the  succession  Is  In 
the  same  order.  First,  on  either  wall  a  saccharoldal  albltlc  granite,  with  little 
quartz  and  mica  and  a  few  scattered,  imperfect,  black  tourmalines  and  garnets, 
then  coarse  cleavelandite,  with  blue,  green,  red,  and  rarely  brown  tourmaline, 
and  small  quantities  of  the  rarer  minerals,  mlcrollte,  columblte,  casslterlte. 
slrcon  cookelte.  and  lepldoUte;  all  these,  especially  the  tourmaline.  Increase  In 
quantity  and  development  toward  the  center  of  the  vein,  which  Is  filled  up  by 
an  irregular  sheet  of  smoky  quarts. 

There  is  in  the  collection  at  Amherst  a  crystal  of  tourmaline  from 
the  Clarke  ledge,  figured  by  President  Hitchcock,1  which  is  broken 
across  15  times  and  the  parts  moved  into  a  position  in  echelon  and 
recemented  bv  quartz. 

At  the  Clarke  ledge  the  schists  have  been  worn  away  from  the  main 
dike  which  stands  in  a  vertical  wall  33  feet  high.  In  many  places  a 
veneering  of  schist  remains  attached,  and  when  it  is  removed  the 
impression  of  the  schist  is  sharp  and  clear  on  the  surface  of  the 
pegmatite.  The  layer  of  schist  against  which  the  pegmatite  rests 
shows  no  signs  of  its  influence,  thus  differing  from  the  schist  in  con- 
tact with  the  albitic  granite  at  the  Barms  farm  described  below. 

At  Chesterfield  Hollow  the  pegmatite  of  the  main  dike  is  of  the 
usual  character  but  contains  no  beryl  and  little  mica.  The  successive 
deposition  of  minerab  in  the  secondary  vein  is,  first,  orthoclase  in 
huge  crystals,  large  plates  of  muscovite,  some  of  them  6  to  10  inches 
in  diameter,  and  grayish-white  quartz.  Within  this  layer  comes  an 
irregular  mass  of  a  coarse  albitic  granite  that  contains  green  musco- 
vite, spodumene,  greenish-white  beryl  in  masses,  some  of  them  10 
to  25  pounds  in  weight,  and  a  zircon,  rich  in  uranium,  in  minute 
double  pyramids,  few  of  them  three-sixteenths  of  an  inch  in  diame- 
ter. As  a  rule,  this  albitic  granite  passes  gradually  into  a  mixture  of 
quartz  and  cleavelandite  in  bunches  of  snow-white  plates  inclosing  less 
muscovite,  manganese  garnets  in  large  and  abundant  but  imperfectly 
crystalline  grains,  zircon,  spodumene,  and  yellowish-white  beryl  in 
irregular  masses.  Finally  the  core  of  the  dike  consists  of  an  irregular 
sheet  of  smoky  quartz,  penetrated  by  long  prisms  of  Bpodumene,  green 
beryl  in  small  and  good  crystals,  muscovite  in  hexagonal  plates,  many 
of  them  well  crystallized,  the  largest  2  or  3  inches  across,  as  well  as 
in  sheets,  scattered  scales,  and  wavy  films,  which  in  part  seem  to  be 
altered  to  margarodite,  columbite,  and  zircon  in  rare  but  perfect 
crystala  This  succession  of  minerals  in  the  secondary  vein  h  r  *  n 
regular  as  might  be  inferred  from  the  description,  in  whirn 

>  Hitchcock,  Edward,  Flaal  wport  on  tna  gcolofy  of  Maaaachunettt,  vol.  S.  p.  ' 
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intended  to  indicate  only  the  general  tendency  toward  a  definite 
arrangement. 

At  Walnut  Hill,  in  Huntington,  the  principal  deposit  in  the  sec- 
ondary vein  was  found  to  be  a  very  coarse  albitic  granite,  rich  in 
black  tourmaline  in  huge  masses,  muscovite,  and  garnet;  next  in- 
wardly followed  cleavelandite,  white  quartz,  and  spodumene  in  the 
well-known  fine  crystals  associated  with  black  and  blue  tourma- 
line, triphylite,  cyrtolite,  large  garnets,  apatite,  muscovite,  and  green- 
ish-white beryl;  and  the  central  sheet  of  smoky  white  quartz  re- 
ceived the  terminations  of  the  spodumene  crystals,  together  with  a 
little  beryl,  muscovite,  and  cyrtolite.1  The  largest  spodumene  crystal 
was  28  by  3|  inches.  The  crystals  bear  abundant  evidence  of  the 
violent  pressure  to  which  they  have  been  subjected,  apparently  by  the 
force  of  crystallization  during  their  formation,  as  the  vein  is  not 
crushed  or  sheared.  Several  large,  perfectly  terminated  crystals  a 
foot  long  have  been  several  times  obliquely  sheared  off  and  the  parts 
slipped  one-eighth  to  one-fourth  of  an  inch  and  recemented,  and  the 
largest  crystal  is  broken  across  or  sharply  folded  into  "  monoclinal 
flexures  M  more  than  40  times.  Other  large  crystals  are  bent  over  as 
much  as  45°  in  a  great  curve,  one  sharply  full  90°  and  without  a 
crack-* 

DIKES  XV  OOSHXJf . 

At  the  Barrus  farm  the  mass  of  the  dike  seems  to  be  represented 
in  place  by  a  coarse  aggregation  of  white  quartz,  orthoclase,  and 
muscovite,  and  a  little  greenish  beryl,  accompanied  in  places  by  a 
contiguous  vein  of  reddish-white  quartz.  The  scattered  bowlders  of 
albitic  granite  appear  to  be  fragments  of  a  central  band  or  secondary 
vein  whose  slow  crystallization  is  suggested  by  the  beautiful  aggre- 
gate cf  snow-white  cleavelandite  and  grayish-white  quartz,  which 
forms  the  matrix  of  the  rarer  minerals.  Of  these  the  most  abundant 
are  the  spodumene,  mostly  in  rectangular  prismatic  masses,  the 
largest  of  which  are  18  inches  in  length,  and  tourmaline,  black,  green, 
or  blue-black  (indicolite),  generally  massive,  but  in  places  in  good 
crystala  Less  common  were  beryl,  green  and  white  (goshen- 
itc),  in  grains,  though  some  crystals  with  good  terminations  also 
occur,  garnet,  rose-colored  muscovite,  and  still  more  rarely,  colum- 
bite and  cassitorite  in  minute  crystala  Apparently  there  has  been 
also  in  p  he  dike  a  final  deposition  of  masses  of  smoky  quartz 

that  env  aller  crystals  of  these  minerals  but  particularly  of 

green  be    I    n<  indicolite.• 

>  JuUra.  "  odiuaaue  And  It*  alteration! :  New  York  Acad.  ScL  Annate,  t*L  i. 

p.  SSI,  if  ■  .  ■ 

•  Por  fl|  I  to>  cryatete  mm  U.  a  OaoL  B array  Bull.  12ft,  p.  169,  IBM, 

a  Jaltea,  -volt,  p.  860. 
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Here  the  secondary  dike  came  in  part  in  contact  with  the  country 
rock,  which  is  a  whetstone  schi>t  just  at  the  contact  and  hns  been  for 
at  least  4  inches  fully  impregnated  with  silica,  albite,  and  tourmaline 
in  fine  black  needles. 

By  the  roadside,  south  of  J.  B.  Taylors  place,  much  blasting  wns 
done  in  1889  by  Mr.  Barms  for  spodumene.  It  was  proposed  to 
export  the  mineral  for  the  manufacture  of  lithium,  but  the  experi- 
ment did  not  prove  successful. 

DIEE8  IN  BLANDFOED  AND  HUNTINGTON. 

On  the  northeast  line  of  Blandford  a  very  coarse  pegmatite,  much 
quarried  for  mica,  quartz,  and  feldspar  (see  p.  25o),  has  furnished 
beryls  of  great  size,  the  largest  1$  feet  long  and  1  foot  wide,  asso- 
ciated with  large  garnets.  Ju»t  south  of  the  first  house  on  the  West- 
field-Bussell  road  after  entering  Russell  the  pegmatite  abounds  in 
black  manganese  garnets  of  large  size  and  great  perfection. 

DUES  EAST  OF  CONNECTICUT  NIT  EE, 

The  small  pegmatite  dike  at  the  Monson  quarry  has  furnished 
very  fine  beryls  and  many  manganese  garnets.  The  finest  bluish- 
white  cleavelandite  occurs  in  New  Salem.  In  Northfield,  where  the 
Gulf  road  crosses  the  south  line  of  the  town,  large  beryls  occur  in 
the  pegmatite  and  garnet  with  complex  paramorphic  border  of 
zoisite-hematite,  epidote-fibrolite,  and  muscovite,  and  farther  north, 
a  mile  west  of  the  Moody  homestead,  is  the  interesting  locality  of 
columbite  in  a  pegmatite  dike  in  the  mica  schists.  Still  farther 
north,  on  the  strike  and  therefore  in  the  same  schists,  is  a  pegmatite 
dike  that  abounds  in  albite  and  spodumene  and  closely  resembles 
the  occurrence  at  the  Manning  farm.  (Seep.  255.)  This  dike  lies  just 
across  the  north  line  of  Northfield,  near  the  house  of  M.  A.  Brown, 
on  the  Winchester  road. 

QUAKTZ  VEINS. 

The  great  quartz  veins  which  are  associated  with  the  Williamsburg 
granodiorite  occur  outside  the  pegmatite  dikes  and  are  especially 
abundant  in  Huntington  and  Worth  ington.  The  quartz  has  been 
crushed  for  commercial  uses  for  many  years. 

IdDDLXrTXLD  OKANTTX 

The  Middlefield  granite  forms  a  great  dike  about  6  miles  long  that 
ta  widely  separated  from  all  other  outcrops.  West  of  this  dike  I 
have  found  no  more  post-  Archean  granite  or  pegmatite  in  mass  except 
thin  films  of  tourmaline-bearing  pegmatite  in  Tyring  ham  and 
Sandisfield  It  is  purely  a  biotite  granite,  small  porphyritic  in  all 
iU  central  portions.   The  feldspars  are  about  three-fourths  of  an 
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inch  long,  and  few  show  Carlsbad  twinning.  They  are  composed  of 
microcline  without  bands  of  albite.  A  few  rounded  spots,  apparently 
of  albite,  break  the  continuity  of  the  cleavage  surface.  Some  of  these 
feldspar  crystals  are  bounded  by  a  layer  of  secondary  muscovite 
plates,  and  this  is  the  only  appearance  of  muscovite  in  the  granite. 
The  biotite  is  aggregated  in  groups  of  rather  dull-black  plates,  accom- 
panied by  epidote,  garnet,  and  a  few  white  needles  of  apatite.  The 
yellowish- white  background  is  a  somewhat  friable  mixture  of  much 
granular  orthoclase  and  little  bluish  quartz,  which  is  characterized 
by  the  presence  of  small,  elongate  cavities.  At  the  border  the 
porphyritic  feldspars  and  the  biotite  aggregates  disappear,  and  the 
friable  groundmass  with  small  distant  spots  of  biotite  and  the  small 
cavities  remain  unchanged. 

The  granite  is  named  for  its  development  at  Middlefield,  Hamp- 
shire County. 

DISTRIBUTION  AND  BALANCED  ARRANGEMENT  OF  THE 
LARGE  BANDS  OF  PALEOZOIC  GRANITE  IN  MASSACHU- 
SETTS. 

The  post -Cambrian  granites  of  southern  New  England  lie  in  bands 
that  trend  north  and  south.  Most  of  these  bands  are  composed  of 
man}7  separate  masses  that  have  rude  elliptical  outlines,  whose  longer 
diameters  are  coincident  with  the  general  trend  of  the  series  to  which 
each  belongs.  Some  of  these  ellipses  are  very  elongate.  Each  of 
these  ranges  is  distinguished  from  the  others  by  many  peculiarities, 
and  they  have  a  certain  balanced  arrangement  and  become  less 
siliceous  from  the  center  outward. 

In  the  broad  central  Hnbbardston-Princeton  area  the  granite  is 
so  full  of  small  inclusions  of  the  graphitic  Brim  fie  Id  schist  or  the 
Oakdale  quartzite  that,  although  the  rock  is  everywhere  quarried  as 
a  granite,  it  was  yet  possible  to  trace  the  boundaries  of  these  forma- 
tions as  they  formerly  covered  the  granite.  This  granite  has  no 
distinct  differentiation  border  and  is  very  quartzose  and  muscovitic 
or  pegmatitic,  •mBKmiKS^t^U^pMA 

Rather  siliceous  micrographic  quartz  diabase  appears  in  dikes 
across  this  area.  The  blending  of  the  cover  and  the  granite  reaches 
its  maximum  here,  and  the  rock  takes  on  a  coarse  and  rude  pegmatitic 
aspect  Water  seems  to  have  taken  a  greater  part  in  the  formation 
of  the  central  granites  (both  by  the  formation  of  muscovite  and  by 
the  transportation  of  alkaline  solutions  far  out  into  the  bordering 
schists)  than  in  the  outer  bands,  and  this  water  seems  to  have  been 
more  largely  superficial  water,  as  the  rare  earths  are  generally  absent, 
though  spodumene  occurs  in  a  bowlder  in  Sterling  and  beryl  in  a 
few  places,  whereas  fluorite,  which  is  common  in  sections  of  the 
granites  on  the  east  and  west,  is  wanting  in  this  central  band. 
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The  blending  of  granite  and  schist  is  so  perfect  that  for  long  dis- 
tances no  strict  boundary  can  be  drawn  between  the  granite  and  the 
adjacent  schists.  The  only  minerals  are  those  formed  by  the  action 
of  the  granite  upon  the  schist— fibrolite,  pyrite,  garnet,  and  graphite— 
and  the  granite  minerals— quartz,  feldspar,  and  the  micas  recrystal- 
lized. 

The  bands  on  either  side  of  this  central  area,  the  Ayer  granite  on 
the  east,  running  through  Clinton  and  Worcester,  and  the  Coys  Hill 
granite,  passing  through  Ware  on  the  west,  are  largely  coarse 
porphyritic  muscovite-biotite  granites,  which  in  some  places  have  a 
highly  silicic  and  in  others  a  mafic  border.    By  the  slow  melting 
upward  and  the  circulation  of  the  granite  the  country  rock  be- 
came so  heated  that  the  granite  has  commonly  become  coarsely 
porphyritic  right  up  to  the  boundary  and  there  is  no  endomorphic 
zonal  differentiation,  chemical  or  physical,  except  that  in  many  places 
a  laver  of  exceedingly  quartzose  material  appears  at  the  border,  as 
along  the  north  edge  of  the  eastern  Clinton  mass.   Circulating  alka- 
line waters  have  also  passed  out  into  the  schists  and  produced  wide- 
spread exomorphic  changes  there,  forming  feldspars  and  changing 
aluminous  silicates  (which  have  been  produced  earlier  in  the  shales 
by  heat  alone)  into  muscovite.    Chiastolite,  andalusite,  and  cordiente, 
in  addition  to  those  minerals  mentioned  above,  have  formed  in  the 
country  rock  and  apatite,  fluorite,  and  molybdenite  in  the  granite. 

The  next  series,  the  Milford  granite  on  the  east  and  the  Monson 
granodiorite  and  Pelham  granite  on  the  west,  are  true  biotite  granites 
with  broad  mafic  borders  of  black  diorite,  separated  by  bands  of 
splite  from  the  central  mass.  Here  the  differentiation  is  extreme,  and 
s  highly  silicic  aplite  (northfieldite)  »nd  even  thick  layers  of  coarse 
muscovitic  quartz  rock  border  the  Pelham  granite,  and  diorite,  aplite, 
and  an  alternation  of  the  two  surround  the  Monson.  No  additional 
minerals  occur  in  the  granite  except  perhaps  allanite  and  titanite. 
The  presence  of  titanite  depends  apparently  upon  the  introduction 
of  calcite  into  the  granite. 

Exceptionally  in  the  reaction  rim  of  the  granite,  against  the  sub- 
silicic  rocks  in  Pelham,  corundum,  tourmaline,  allanite,  rutile,  anor- 
thite,  andesine,  and  anthophyllite  have  formed. 

Only  the  outermost  groups— the  Quincy  granite  and  the  Dedham 
granodiorite  on  the  east  and  the  Belchertown  tonalite  and  Williams- 
burg granodiorite  on  the  west— form  petrographic  provinces  of 
great  variety.  These  groups  agree  in  their  notably  great  content  of 
subsilicic  rocks  but  differ  in  age  and  chemical  and  mineralogic  char- 
acter. The  first  group  may  be  related  to  great  disturbances  oft  the 
border  of  the  continent  and  to  the  nephelite  and  olivine  rocks  along 
the  coast;  the  other  group  is  related  to  the  almost  equally  important 
faults  on  either  side  of  the  Connecticut  Valley,  abounds  in  olivine 
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rocks,  and  is  petrographically  similar  to  the  "  Cortlandt  series.*' 
This  balanced  arrangement  does  not  depend  on  community  of  age. 
j:s  the  Dedham  granodiorite  is  pre-Carboniferous,  the  Quincy  granite 
is  Carboniferous,  and  the  western  groups  are  post-Carboniferous. 

In  the  western  area  the  Belchertown  tonalite  is  accompanied  by  a 
great  variety.  These  groups  agree  in  their  notably  great  content  of 
interest,  which  appear  as  irregular  segregations  in  the  main  mass  and 
are  without  zonal  arrangement  and  without  accompanying  minerals, 
whereas  in  the  albite-granite  dikes  in  the  Williamsburg  granodiorite 
minerals  of  the  rare  elements  lithium,  tin,  uranium,  and  tungsten  are 
so  abundant  and  beautiful  that  Goshen,  Chesterfield,  and  Huntington 
have  been  known  for  years  by  all  collectors  of  minerals. 

Here  again  the  differentiation  is  peculiar  and  extreme.  The  cen- 
tral mass  is  a  monotonous  coarse  granite  and  sends  out  many  peg- 
matitic  apophyses.  It  is  surrounded  by  many  pegmatite  and  aplite 
dikes,  and  in  small  albitic  streaks  in  these  coarse  dikes  the  tourma- 
lin e-gpodumene  group  of  minerals  is  developed.  Some  of  these 
dikes  pass  outward  into  quartz  veins,  and  many  other  quartz  veins 
of  the  largest  size  appear  still  farther  from  the  central  area.  The 
igneous  activity  of  the  region  reached  its  final  phase  in  the  eruption 
of  the  Triassic  diabase,  with  its  associated  fringe  of  baryta-lead 
veins  and  native  copper.  This  is  s  distinctly  mafic  diabase  in  asso- 
ciation with  the  mafic  tonalite  group. 

The  eruption  of  igneous  rocks  in  the  eastern  part  of  Massachu- 
setts seems  to  have  begun  earlier  and  to  have  continued  much  longer 
than  in  the  western  part.  The  eastern  area  presents  more  chronologic 
stages  and  greater  complexity  in  each  stage. 

TRIASSIC  ERUPTIVE  BOCKS. 

DIABASX. 

GZNXBAL  RATUSJtS. 

A  large  and  varied  series  of  diabase  dikes  and  sheets  of  late 
Triassic  age  of  every  size  is  developed  in  the  Triassic  basin  of  the 
Connecticut  Valley,  and  diabase  of  several  types  occurs  in  small 
dikes,  presumably  of  Triassic  age,  sparsely  scattered  through  all  the 
country  on  the  east  and  is  also  abundantly  represented  in  the  Boston 
district  and  along  the  shore  north  of  there.  No  such  dikes  have  been 
observed  west  of  the  Connecticut  Valley  or  in  the  area  occupied  by 
the  Northbridge  granite  gneiss.  Their  distribution  is  shown  on  the 
map  (fig.  8,  p.  202). 

In  the  western  part  of  the  area  the  rock  is  a  normal  diopedde  dia- 
base, in  which  augite  and  diopside  occur  together  and  which  has  a 
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distinct  microporphyritic  texture  due  to  larger  and  earlier  feldspathic 
and  pyroxenic  constituents  in  an  ophitic  groundmass,  indicating  crys- 
tallization at  two  distinguishably  different  periods  and  under  differ- 
ent conditions,  and  possibly  in  two  different  positions  in  relation  to 
the  surface  of  the  earth.  This  type  appears  in  the  Holyoke  and 
Hampden  sheets  and  in  the  dikes  that  cut  the  Triassic  strata  and  the 
crystalline  rocks  for  20  miles  eastward  to  the  border  of  Worcester 
County.  It  is  accompanied  by  a  pitchstone  that  was  formed  by  the 
frothing  of  water  up  into  the  trap  sheets  from  below,  and  by  palag- 
onite,  a  jet-black  glass  that  contains  17  per  cent  of  water  and  28.5 
per  cent  of  iron  oxides,  that  was  formed  by  the  swirling  of  muddy 
water  down  into  the  trap  sheet  Holyokeite,  a  diabase  aplite,  occurs 
in  small  dikes,  the  rock  of  which  has  an  ophitic  texture  but  no  dark 
constituents.  It  seems  to  be  the  product  of  a  marked  differentiation 
of  the  trap. 

The  same  diopside  diabase  appears  in  dikes  and  is  there  almost 
invariably  fresher  than  in  the  sheets.  Border  variants  also  occur, 
in  which  the  ophitic  groundmass  is  replaced  by  a  very  fine  grained 
groundmass,  more  or  less  glassy  and  full  of  minute  crystals  of  plagio- 
clase  and  of  the  two  pyroxenes.  They  are  as  sharp  as  needles,  which 
indicates  that  they  floated  to  their  present  position  and  that  cooling 
and  solidification  were  so  rapid  that  no  additions  were  made  to  the 
isolated  sharply  defined  crystals,  whereas  in  the  normal  type  of  the 
rock  the  final  crystallization  added  much  to  the  larger  crystals  and 
gave  them  a  ragged  boundary  like  the  smaller  ones  and  a  zonal 
structure. 

Here  and  there  in  the  diabase  masses  the  augite  crystals  are  large 
and  a  peculiar  and  early  type  of  the  groundmass — hyalopilitic  and 
fine  grained— is  preserved,  in  which  are  evenly  distributed  magnetite 
grains  surrounded  by  a  growth  of  red  biotite.  This  seems  to  have 
been  a  very  general  early  stage  in  the  solidification  of  the  mass,  but 
nearly  everywhere  the  biotite  was  generally  resorbed  before  final 
solidification.  Traces  of  it  are  commonly  preserved,  however,  in  the 
centers  of  the  earlier  pyroxene  grains. 

Beyond  a  gap  of  12  miles  in  which  no  dikes  have  been  found  a 
micrographic  quartz  diabase  replaces  the  diopside  diabase  and  this 
type  continues  across  southern  Worcester  County  in  a  series  of  great 
dikes  known  as  the  Spencer  dikes,  The  rock  retains  the  normal  dia- 
basic  texture  of  the  groundmass  and  all  the  characters  of  the  diopside- 
bearing  type,  though  on  the  average  the  grain  is  somewhat  coarser, 
but  it  has  also  a  very  perfect  an  1  abundant  micrographic  or  vermi- 
form intergrowth  of  quarts  and  feldspar.  In  many  places  the  rock 
is  spherulitic,  and  in  some  places  this  texture  grades  outward  into 
the  micrographic  texture.  The  name  distinction  holds  in  the  aimilar 
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rocks  in  New  Jersey,1  where  the  diopside  diabase  type  occurs  in  the 
Watchung  basalt  sheets  nnd  the  micrographic  quartz  diabase  occurs 
in  the  great  Palisade  diabase  dike. 

East  of  Worcester  County,  or  rather  east  of  a  line  drawn  north 
and  south  through  Southboro,  olivine  diabase  and  the  normal  dia- 
base in  which  only  one  kind  of  feldspar  and  pyroxene  are  developed 
occur  throughout  a  broad  area  that  extends  northward  into  New 
Hampshire.  I  have,  however,  examined  a  large  series  of  thin  sec- 
tions made  to  illustrate  all  the  types  of  the  black  traps  that  cut  the 
granite  around  the  whole  shore  of  Cape  Ann  and  have  found  none 
which  could  be  classed  with  the  diopside  diabase,  the  micrographic 
quartz  diabase,  or  the  olivine  diabase.  Apparently  the  rock  of  these 
dikes  is  only  the  normal,  gabbroid,  much  weathered  type  of  diabase. 
• .    • 

IXTERBEDDED  SHEETS. 
PETBOOBAPBT. 

The  average  rock  of  the  Triassic  diabase  sheets  is  dark  gray  and 
compact.  The  feldspar  of  the  phenocrysts  of  the  earlier  generation, 
which  appear  as  small  points  and  lines  in  the  rock,  occurs  in  feathery 
groups,  has  an  extinction  of  31°  or  more,  and  is  near  anorthite.  The 
rock  texture  is  purely  ophitic  (diabasic),  and  the  lath-shaped  feld- 
spars of  the  later  generation  are  labradorite  and  have  a  maximum 
extinction  of  26°.  In  some  places  this  later  feldspar  forms  zones 
about  the  earlier  and  more  calcic  feldspar.  An  early  formed  color- 
less pyroxene  near  diopside  occurs  generally  in  long,  stout,  well- 
formed  crystals.  It  decomposes  more  readily  than  the  augite,  which 
is  in  wholly  shapeless  pale-yellow  grains,  invariably  secondary 
to  the  feldspar,  has  very  poor  and  irregular  cleavage,  and  seems 
dusted  onto  the  feldspar  network  like  yellow  sand.  In  places  it 
forms  zones  about  the  white  pyroxene.  Magnetite  is  everywhere 
abundant,  olivine  generally  absent,  and  apatite  rare. 

TALCOTT  DIABASE. 

Four  great  diabase  sheets  were  poured  out  on  the  sea  bottom  dur- 
ing the  deposition  of  the  Triassic  sediments.  These  sheets  have 
been  named  the  Talcott  diabase,  the  Holyoke  diabase  (which  in- 
cludes two  of  the  sheets),  and  the  Hampden  diabase.  The  Talcott 
diabase,  named  for  its  occurrence  at  Talcott,  Conn.,  is  important  in 
its  extension  across  Connecticut,  but  it  barely  crosses  the  State  and 
ends  in  Suffield,  Conn.  In  Percival's  account  of  the  Geology  of  Con- 
necticut it  was  called  the  anterior  sheet,  as  it  lies  in  front  of  the  main 
or  Holyoke  diabase  sheet,  which  dips  east  and  faces  west  

.  LtwU,  J.  ▼..  N~  Jrr~r  0~L  Sort.,  Am.  B«pL  for  1904.  p.  W.  1»0T ;  •>■« 
Hi  Mta  VoL  24,  p.  17T.  1*01. 
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HOLYOKE  DIABASE. 

GENERAL  CHARACTER. 

The  transverse  part  of  the  great  Holyoke  diabase  sheet  (so  named 
from  its  occurrence  in  the  Holyoke  Range),  from  its  east  end  to  the 
apex  of  Mount  Tom,  runs  east  and  west  at  a  high  altitude,  beyond 
which  it  drops  to  a  lower  altitude  and  continues  southward.  At 
its  east  end  it  has  a  high  southerly  dip,  which  farther  west  changes 
to  an  easterly  dip  of  about  30°.  At  its  east  end  it  is  thinner, 
more  weathered,  and  more  amygdaloidal  than  it  is  farther  west. 
The  rock  is  generally  fine  grained,  but  on  the  new  Mount  Holyoke 
road  and  at  Titans  Pier  it  is  coarser,  the  flat  blades  of  augite  being 
nearly  an  inch  long.  It  commonly  shows  a  rude  columnar  structure, 
as  a  rule  on  a  large  scale.  Titans  Piazza,  south  of  Mount  Holyoke, 
named  by  President  Hitchcock  after  the  Titans  to  prevent  its  being 
named  after  the  Devil,  is  much  visited  because  of  the  fine  columnar 
wall.  The  great  columns  are  30  to  40  feet  long  and  3  to  4  feet 
wide.  They  are  so  underworn  that  one  row,  and  in  some  places 
two  rows,  are  retained  in  place  solely  by  their  lateral  connection 
with  adjacent  columns,  and  their  bases  are  hemispherical.  Directly 
above  these  columns  many  large  amethysts  have  been  found.  The 
columns  thus  form  a  curious  cave  or  rock  shelter,  whose  ceiling  is 
composed  of  their  great  hemispherical  ends. 

The  thick  sheet  rises  above  the  sandstones  because  erosion  has 
removed  them  from  its  flanks.  Its  own  shape  depends  locally  on 
the  angle  at  which  it  is  truncated  by  erosion.  Where  its  eastern 
slope  agrees  closely  with  the  upper  surface  of  the  sheet  and  the 
western  slope  coincides  with  the  columnar  structure,  which  is  at 
right  angles  to  the  surface  of  the  bed,  it  forms  a  bold  hill  with  a 
precipitous  western  face,  as  in  Mount  Tom  and  Proven  Mountain. 
Where  erosion  has  worn  off  the  trap  sheet  more  nearly  horizontally 
the  ridge  is  less  elevated,  but  the  trap  covers  a  broader  surface.  Its 
maximum  thickness  is  about  400  feet  All  the  early  fissures  of  the 
Holyoke  diabase  sheet  are  cemented  by  quartz,  much  of  it  ame- 
thystine, which  distinguishes  it  from  the  M  posterior  sheet,,,  in  which 
they  are  uncemented. 
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The  chemical  composition  of  the  Holyoke  diabase  is  shown  by  the 
following  analyses: 


Chemical  competition  of  Holyoke  diabate  from  Mount  Holyoke,  Hat: 
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General  character— At  the  north,  in  Sunderland  and  Deerfield,  a 
bed  of  trap  similar  to  the  main  sheet  of  Holyoke  diabase  rest*  on  the 
Mount  Toby  conglomerate,  extends  northwest  across  the  river  on  the 
Sugar! oaf  arkose,  and  stretches  far  northward  in  Greenfield  and 
GilL  Its  mass,  which  dips  gently  eastward,  forms  the  core  of  Deer- 
field  Mountain,  and  it  seems  formerly  to  have  capped  South  and 
North  Sugaxloaf.  This  is  apparently  the  reason  why  those  moun- 
tains still  retain  a  mesa  form.  The  rock  is  thoroughly  decomposed 
where  interbedded  with  the  conglomerate  but  is  dark  and  compact 
where  interbedded  with  the  arkose,  The  mass  is  made  up  of  a 
superficial  sheet  and  two  intermediate  sheets  full  of  steam  holes, 
indicating  three  immediately  successive  flows.  At  the  mouth  of  Fall 
River  it  displays  the  perfect  ropy  surface  of  an  a-a  lava. 

The  rock  is  typical  diabase,  ranging  from  aphanitic  varieties  to 
those  in  which  the  white  flat  feldspar  crystals  are  2  to  4  millimeters 
square,  and  from  compact  to  very  coarse  amygdaloidal  texture. 
North  of  Deerfield  River  the  rock  is  more  granular  and  remarkable 
grayish  and  reddish  or  reddish- white  varieties  occur.  These  vari- 
eties are  subporphyritic  and  abound  with  flattened  steam  cavities. 
Broad  white  plates  of  feldspar  stand  out  in  a  dark-red  ground  of 
decomposed  augite,  the  whole  sprinkled  with  amygdules  of  prehnite 
and  diabantite. 

White-spotted  diabase,  an  exceptional  rock,  occurs  abundantly  on 
the  south  side  of  Deerfield  River,  making  a  great  layer  in  the  sheet 
east  of  the  large  quarry.  It  is  a  clear,  light-gray  rock  with  roundish 
white  blotches,  which  under  the  microscope  are  seen  to  be  made  up  of 
Aggregated  stout  crystals  of  plagioclaat,  and  the  rest  of  the  mass  Is 
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composed  of  rodlike  plugioclase  and  magnetite,  with  almost  no 
augite.  The  rare  amygdules  in  this  rock  are  filled  with  a  fine  silky 
radiated  mineral,  apparently  an  altered  prehnite,  resting  on  diaban- 
tite, or  are  more  rarely  lined  with  glassy  crystals  of  albite,  together 
with  dalolite,  pyrite,  or  globules  of  sphalerite.  The  rock  is  a  transi- 
tion to  holyokeite. 

Bed  diopside  diabase  with  secondary  albite. — Much  of  the  basal 
part  of  the  Deerfield  sheet  just  north  of  Deerfield  River  has  been 
radically  metamorphosed  by  hot  water  during  its  cooling.  It  is 
fine-grained,  brick-red,  and  full  of  small  cavities  or  scattered  larger 
ones,  lined  or  filled  with  exquisite  crystals  of  albite  large  enough  to 
be  studied  with  a  lens.1  The  feldspar  crystals  of  the  first  generation 
have  been  floated  to  their  present  places  in  delicate  feathery  groups. 
They  retain  their  sharp  crystal  outlines  and  traces  of  cleavage  and 
multiple  twinning  on  two  bands  but  have  been  changed  to  a  moss  of 
subparallel  scales  and  needles  of  kaolin  and  sericite.  Augite  is 
absent,  but  a  few  much -twinned  automorphic  diopside  crystals  occur. 
The  minerals  mentioned  above  are  free  from  the  abundant  hematite 
which  in  small  grains  and  dendritic  growths  fills  the  second  genera- 
tion of  feldspar  crystals  and  makes  most  of  the  sections  opaque,  and 
which  entirely  replaces  the  ordinary  black  ores  and  colored  augite. 
The  second  generation  of  feldspar  crystals  is  heavily  loaded  with  the 
red  rust,  but  they  commonly  have  clear  borders  or  the  rust  forms 
crosses  in  the  diagonals  of  the  square  sections. 

In  some  of  the  large  cavities  a  broad-bladed  barite  has  formed  in 
many  separate  and  parallel  plates,  all  of  which  have  been  coated 
with  albite  and  then  removed  by  solution.  There  is  no  diabantite 
nor  any  trace  of  ordinary  weathering  in  the  section,  and  it  is  prob- 
able that  hot  water,  acting  on  the  magma  in  which  the  earliest- 
formed  feldspar  crystals  were  floating,  decomposed  them,  changed 
all  the  iron  into  hematite,  thus  preventing  the  formation  of  dark 
augite  and  the  black  ores,  and  then  deposited  the  residuum  of  the 
feldspathic  material  in  the  steam  holes. 

The  difference  between  the  rock  and  normal  diabase  is  shown  by 
the  order  of  crystallization  of  its  constituents  as  compared  with  that 
of  the  constituents  of  normal  diabase 
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Paragentris  of  secondary  minerals. — The  cuts  made  through  the 
Holyoke  diabase  on  both  sides  of  Deerfield  River  opened  up  veins 
containing  the  ordinary  trap  minerals  in  great  abundance  and 
beauty.1  The  pangenesis  of  the  stilbite-chabazite  veins  was:  Radi- 
ated stilbite,  chabazite,  calcite,  and  pyrite,  or  prehnite,  heulandite, 
prismatic  stilbite,  chabazite,  and  calcite. 

A  general  table  of  the  paragenesis  of  the  minerals  is  given  below. 
The  oldest  minerals  are  named  first  and  the  overlap  indicates  ap- 
proximately the  overlap  of  the  minerals. 


Paragenetu  of  tecondary  mineral*  of  the  Dttrfitld  theeU 
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MUD  IHCLCSIOM  I»  BIASASC-  riTCHSTOHS.  PALUJOXTTt  AITD  HOLTOKaTr«., 

The  Triassic  lava  flowed  over  a  deep-sea  bottom  and  everywhere 
took  up  great  quantities  of  mod,  marl,  or  sand  and  produced  thereby 
new  types  of  rock  and  glass,  remarkable  rock  textures,  and  marked 
differentiation*  These  antagonistic  bodies  have  been  brought  to- 
gether in  very  different  ways  and  have  produced  results  so  diverse 
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that  I  have  distinguished  them  by  type  localities,  though  each  has 
occurred  in  many  places  and  may  extend  for  miles  along  the  surface 
of  the  sheets. 

In  the  mass  of  the  rock  at  Titans  Pier  convection  currents  in  the 
heated  water  carried  the  mud  out  over  the  surface  of  the  molten  lava 
and  the  mud  or  marl  was  blended  in  every  way  with  the  lava  to  a 
depth  of  10  to  20  feet  The  sheet  is  full  of  drops  of  the  mud,  now 
hardened  to  marly  limestone,  or  the  two  are  mixed  as  if  they  had 
been  liquid  or  plastic  at  the  same  time.  There  is  little  heat  effect, 
but  because  of  the  rapid  chilling  augile  is  lacking  in  the  adjacent 
trap  and  all  the  iron  is  concentrated  against  the  surface  of  the  mud 
in  magnetite,  showing  distinct  differentiation. 

This  mud  formed  over  the  surface  and  with  the  advance  of  the 
flow  was  carried  forward  and  downward  at  the  front  and  now  ap- 
pears inverted  at  the  bottom  of  the  sheet.  Balloon-shaped  steam 
holes  point  upward  and  long  tubes  formed  by  the  escape  of  steam 
end  at  the  bottom  of  the  sheet  This  condition  is  present  everywhere 
at  the  upper  and  lower  surfaces  of  the  sheet  for  5  miles  each  way 
from  Titans  Pier,  where  Connecticut  River  breaks  through  the 
Holyoke  Range.  A  variant  of  the  sama  type  appears  s  few  miles  to 
the  south  of  Larrabee's  quarry,  at  the  north  boundary  of  Holyoke, 
where  sandstone  is  blended  with  trap  for  2  or  3  feet,  and  all  the 
fissures  of  the  overlying  sandstone  are  coated  with  broad  sheets  of 
beautiful  specular  hematite.  The  trap  beneath  contains  masses  as 
large  as  one's  fist  of  bluish-white  radiate- foliated  anhydrite  and  of 
pyrite. 

In  the  lava  sheet  at  Meriden,  Conn.,  and  Greenfield,  Mass.,  the  thin 
solid  crust  that  separated  the  lava  from  the  muddy  bottom  was  rup- 
tured and  the  still  molten  lava  allowed  to  come  in  contact  with  the 
mud  beneath.  Violent  explosions  then  forced  the  fragments  of  the 
shattered  crust  and  much  mud  and  wet  sand  60  and  70  feet  upward 
into  the  flow,  and  in  one  place  clear  through  it,  forming  a  temporary 
parasitic  cone  on  the  newly  solidified  surface  of  the  flow.  Much  mafic 
glass  was  formed,  which  is  a  diabase  pitchstone  or  tachylite,  not 
known  elsewhere.  Beautiful  spherulites,  lithophyoe,  shards,  and 
threads  and  beads  of  glass  are  blended  with  sand  and  mud,  shattered 
trap  fragments,  and  hematite  plates,  all  cemented  by  the  o lire- green 
pitchstone.  The  whole  mass  was  then  shattered  in  some  places  and 
was  recemented  by  a  hot-water  deposit  of  albite,  calcite,  diopside, 
and  blue  asgiriiie-augite.  The  best  localities  for  the  study  of  these 
phenomena  are  at  the  "  Crater,"  in  Meriden,  and  below  the  observa- 
tion tower  in  Greenfield. 

At  the  Holyoke  Reservoir  a  layer  of  dove-colored  limestone  of  the 
same  type  as  that  which  is  blended  with  the  trap  at  the  bass  and  top 
of  the  sheet  has  been  carried  by  some  movement  of  the  liquid  mass 
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150  feet  downward  to  the  middle  of  the  trap  sheet.  In  building  the 
new  reservoir  in  Holvoke  the  area  showing  all  the  phenomena  de- 
scribed here  was  perfectly  cleared  for  study  but  is  now  covered  by 
the  water.  From  the  much-shattered  inclusion  of  limestone  extent! 
streaks  (schlieren)  of  strange  coarse  gabbroid  forms  of  diabase  in 
which  the  pyroxene  (sahlite)  radiates  in  tufts  of  flat,  thin,  curving 
blades  3  or  4  inches  long.  A  central  twinning  plane  and  the  trans- 
verse parting  make  them  resemble  feathers,  but  their  resemblance  is 
stronger  to  tufts  of  grass,  especially  when  they  weather  to  bnght- 
greon.or  straw-yellow  and  white  talc 

The*  large  feldspar  crystals  are  also  changed  to  a  radiate-tufted 
mica,  apparently  paragonite.  This  change  is  not  due  to  weathering 
but  is  a  primary  effect  of  moisture  under  great  pressure.  Next  out- 
wardly the  pyroxene  crystals  are  all  nearly  remelted  and  are  sur- 
rounded by  grains  of  calcite  and  then  comes  a  remarkable,  fresh, 
glass-bearing,  porphyritic  diabase  which  contains  crystals  of  luster- 
mottled  feldspar  (labradorite),  almost  1  inch  square,  full  of  small 
augite  crystals,  glass,  and  spherulites  and  also  large  crystals  of 
augite  and  skeletonized  magnetite.  Between  these  larger  crystals  the 
white  aphanitic  groundmass  is  made  up  of  quartz  and  minute  needles 
of  albite  and  contains  many  pieces  of  the  black  glass,  some  of  them 
nearly  1  inch  across. 

This  glass  is  a  jet-black  brittle  palagonite,  which  has  a  hardness  of 
3  and  a  density  of  1.91.  It  contains  17  per  cent  of  water  and  28.54 
per  cent  of  iron  oxides.  (See  analyses  1  and  2,  p.  271.)  It  is  deep 
red-brown  under  the  microscope,  and  many  specimens  are  beautifully 
devitrified.  It  includes  some  perfect  crystals  or  crystal  groups  and 
spherocrystals  of  calcite,  or  of  calcite  and  ankerite,  or  spherulites 
with  alternate  layers  of  calcite  and  glass,  and,  in  the  same  cavities, 
spherocrystals  of  richest  cobalt -blue  quartz,  fibrous  and  excentrically 
radial* -pj| 

In  many  specimens  the  fresh  glass  molds  perfectly  the  minute 
polished  crystal  ends  of  the  calcite  and  the  quartz  and  invariably 
incloses  them  entirely  in  a  common  cavity.  There  can  he  no  doubt 
that  they  crystallized  from  the  liquid  magma  in  quirk  succession  and 
that  the  calcite  everywhere  crystallized  first.  As  the  glass  weathers 
easily  these  forms  can  not  be  the  result  of  weathering  nor  can  they 
be  secondary  growths. 

The  expansion  of  gas  or  steam  formed  many  cavities  in  this  lava, 
some  of  them  half  an  inch  across.  A  thin  pellicle  of  glass  solidified 
around  the  cavity  and  then  collapsed,  and  the  cavity  was  quickly 
filled  with  calcite  and  quartz  which*  crystallized  together  in  beautiful 
forms.  All  the  grains  of  glass  seem  to  have  been  formed  by  this 
expansion,  for  where  they  have  collapsed  entirely  curved  and  wrinkled 
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sutures  appear  in  the  middle  of  the  grains,  marked  by  beautiful 
fibrous  devitrified  layers.  More  notable  than  the  varied  and  beauti- 
ful forms  is  the  marked  differentiation  produced  by  these  bubbles. 
Because  of  thermal  changes,  or  the  direct  influence  of  the  vapor,  or 
from  unknown  causes,  all  the  iron  and*magnesium  have  migrated  to 
the  surfaces  of  the  bubbles  and  have  cooled  to  a  glass  that  contains 
28.52  per  cent  of  iron  oxides  and  17  per  cent  of  water.  The  broad 
aureole  left  behind  has  the  composition  of  albite,  with  8  per  cent 
of  calcite  and  in  some  specimens  a  little  quartz.  The  separation  of 
the  melanocratic  and  leucocratic  constituents  is  completely  effected. 
This  colorless  siliceous  differentiate  is  formed  in  such  quantity  that 
it  penetrates  the  adjacent  normal  diabase  in  dikes  2  to  3  inches  thick, 
and  in  this  form  a  little  of  it  occurs  throughout  the  length  of  the 
range.  It  has  been  named  holyokeite.    (See  analyses  7  and  8,  below.) 

Chemical  competition  of  palnmynile,  diabaae  pitrh*t>.nr.  holyokeite,  pabbrxHd 
quartr  diabwe,  and  nonmml  diabase. 
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HAMPDEN  DIABASE. 

The  Hampden  diabase  sheet'  forms  ^to**^*^ 
south  of  the  Ilolyoke  Range  and  east  of  the  Mount  Ton Ra ^  I 
>vas  caUed  the  posterior  sheet  by  Percival.  Tt  is  thinner  man 
Holvoke  sheet  its  thickness^.  West  Springfield  being  50  feet  » 
Holyoke  sheet  u  .  w  composition  and  general  char- 

^^V^  "  -  Po'phyntic  aTd  the  augite  in  it  is  more 
acter,  but  as  a  ruie  iw         p   r  spheroidal  structure  and 

er;pto  '.Trofs?'^      *k  . 

SSTlMSSi  in  MounUin  P.rk e.st  of  Mount 
JZes  »  cross  »ction  of  the  vent  through  which  th.  lav.  of 
I °  .ST^se  wbteb  sends  out  horizontal  dike,  into  th.  sandstone 
^  teT^hltd  east,  .nd  overflows  ^ fonn  th.  trapse. 
Xorth  of  this  point  -jD  f '^^X  th^t Xn^r. 
'r^L'^  X  Uv."8™^.  beneath l^rest  of  th.  ridge. 
"•S&J tr^'ofTheTount  Hnlvoke  H-^^ 
core,  th.  rock  of  which  h«  be«>  d»cnbed  M  th^Bl«k  Rock  J \» 
nd  mad.  the  tvpe  of  a  Bene,  of  such  supposed  plug*  Mor. 
«£fj Irtudv  has  shown  th.t  th.  rounded,  plughk.  sh.p.  of  th. 

^nd"u  intrusiv.  conUc*  on  the  -us*n.  can  ££££ 
all  th.  way  .round  it.  but  th.t  it  is  connected  w>th  the  »^P«n 
dV.b«  *«t  a.  in  LitU.  Mountain,  which  m.k»  it  prob^W  that 
t  mlck  Rock  is  .gem  exp«*d  th.  cro-  section  of  the  rock  filling 
the  fissure,  and  not  an  isolated  plug. 

DIABASE  DIKE  BOCKS. 
OKKXBAX  CKABAOIKB. 

The  interbedded  sheets  of  diabase  which  form  Mount  Tom  and 
Deerfield  MounUin  are,  of  course,  of  Tneanc  age.  T^T^*f 
maVbeassigned  to  the  long  line  of  diabase  dikes  which  trend  north 
^StL*  sandsLes  and  in Jhe  cry^  roc£  pWlel 
to  and  a  few  miles  east  of  the  trap  abeeU/The  rock  of  the  dikes  is 
macroscopically  and  microscopically  mdistmgutahable  *™ 
^Tswhsn^mecunens  of  the  same  degree  of  J£ 
pired,  though  the  rock  of  the  flows  is  ^T^teW^^ 
and  is  uniformly  much  more  decomposed.  The  rock  ofU* »  au» 
ts  gla«y  at  their  border,  and  contain,  olivine,  whichbabeent  from 
S  trap  sheets  but  preeent  in  the  later  on»  Jb.  wck  of  the 
dikTena  of  the  flow.  i.  ao  much  alike  thai >  *»  *on  may  hat* 
originally  been  continuous  with  the  dike,  or  other  similar  dike*- 

rtowm  oTtta  mp  to  tB.  Holfoat  IwUo  »U.  a  OpoL  tmrng  9mL  AOPP,  pmpp  p»i 
upLMrf  Mpappu*  *a 
•  i*mw  b>  «aa 
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NORMAL  DIOPSIDE  DIABASE. 

The  only  dike  of  normal  diopside  diabase  found  west  of  the  Tri- 
assic  area  occurs  in  Loudvillo,  one-eighth  mile  east  of  the  village. 
It  is  100  feet  thick.  The  apparent  trend  of  the  dike  is  northeast, 
conforming  in  trend  with  the  lead  veimand  the  Florence-Loud  ville 
fault,  which  agrees  with  the  theory  that  the  fissures  in  which  the 
lead  veins  were  deposited  are  of  late  Triassic  or  post-Triassic  age 
and  coincident  with  the  last  eruption  of  trap.  The  rock  of  the  dike 
is  a  fresh-looking,  compact,  fine-grained  trap  of  dark-gray  color. 

The  dikes  east  of  the  Triassic  area  are  arranged  in  two  belts. 
They  are  the  eastern  dikes  of  Percival  and  though  not  continuous 
can,  in  places,  be  followed  for  miles.  The  Ware  dike  may  be  taken 
as  a  type.  A  dike  of  diabase,  100  to  150  feet  thick,  which  trends 
N.  20°  E.,  can  be  traced  across  Palmer,  Ware,  and  New  Bra  in  tree. 
The  rock  of  the  dike,  as  typically  exposed  at  D.  Linehan's  place  in 
the  southwest  corner  of  New  Brain  tree,  is  a  compact  fresh  trap, 
dark  gray  with  a  shade  of  brown,  in  which  the  feldspar  phenocrysts, 
2  to  3  millimeters  in  diameter,  are  just  visible.  There  are  a  few 
large  grains  of  feldspar  of  saussuritic  aspect  12  millimeters  across. 
The  rock  has  a  perfect  ophitic  texture,  with  two  generations  of 
r.i£ged -edged  feldspar  crystals,  the  larger  ones  near  anorthite  and 
the  smaller  ones  near  labradorite.  The  two  varieties  of  pyroxene, 
amber  augite  and  colorless  diopside,  are  but  slightly  distinguished 
in  color.  The  colorless  variety  is  larger,  more  automorphic,  and 
slightly  decomposed,  with  basal  cleavage  and  twinning.  An  outer 
sone  of  augite,  which  polarizes  differently,  commonly  surrounds  the 
diopside.  Section,  of  rock  identical  with  that  of  the  Ware  in 
all  essential  respect,  have  been  studied  from  bowlders  at  many 
localities. 

xxaxoeaAMCxc  qvabts  m*«4tk 

In  the  micrographic  quartz  diabase  the  feldspars  and  pyroxene 
occur  in  two  generations.  There  is  an  earlier  small-porphyritic 
feldspar  near  anorthite,  and  a  later  feldspar  near  labradorite,  that 
form,  the  ophitic  groundmass.  An  earlier,  commonly  porphyritac, 
colorless  diopside  is  distinguished  from  a  later  interstitial  amber 
augite.  A  beautiful  interstitial  micrographic  inter  growth  of  quarts 
and  orthoclase  is  characteristic  and  commonly  very  abundant. 

Two  great  dikes,  with  several  offshoots,  can  be  traced  sooth  by 
west  across  Hojden  and  Spencer  and  so  on  into  Connecticut.  A 
croe.  section  of  the  larger  one  is  exposed  for  nearly  150  feet  in  the 
cot  a  mile  west  of  Jefferson  ville  station  in  Hoi  dan,  and  the  rock 
include,  many  large  mane,  of  the  graphitic  Brknfield  schist  and 
of  the  granite.  It  may  serve  as  the  type  of  the  porphyritic  form  of 
the  diabase.  The  rock  is  fresh  and  black,  because  of  which  color 
80244*— Bull.  OQT— 17  18       ~  1 '  \   Z'  i??1'** 
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,  „  a  l-ft  «  HS^M^iu-.  but  it 

*iSiEre?— si^t  „oTpbiC  **. 

Sections  cm  «  —  cracked  and  strained,  »re 

^JTThe  pbenocrysts  *r*  fewer  and  smaller,  and  P^<*1^ 
f^d  the  white  pvroxene,  in  very  long  twinned  pnsms,  rest  in  a 
s^and  wTtic  glass  that  swarms  with  brightly  polannng 
microlites,  apparently  of  pyroxene.  nornhv- 
The  same  types  of  diabase-the  granophync  and  th^rphy 
rirk-ocrnr  inbowlders  for  20  miles  northeastward, ^across  We-t 
Lancaster,  to  Boxboro,  and  from  Stow  through  Har- 
Tard  and  Worcester  to  Sutton  and  Dudley. 

ounvs  niaaaax 

Sereral  dike*  of  olivine  diabase  occur  near  the  Essex Co.* grani jto 
oua^iut^th  Lawrence  cutting  Merrimack 

contact  the  quartzite  has  bee*  made  coriaceous.  Similar  dikes  occ ur 
£££  northeastern  Massachusetts  and  are  eepec.aUy  abundant 

district  and  the  region  to  the  west  and  north. 
■fclSSttSSS  of  Wheelockville,  a  dike  ^  in.be* 
JSlZ  dTblack  aphanitie  rock  cut.  hornblende  schist    In  a 
^.Topilitic  groundma*,  are  scattered  a  few  ^gj^^  oij^ 
radorite  and  crystals  of  olivine,  many  of  them  perfect  but  other, 
lobate  from  intrusion  of  the  groundma**,  and  van o^ly  changed  ^ 
.greenish  to  brownish  iddingsite,  ^*^^»*&£££lt 
bUcTfrom  the  abundance  of  dark  globubtxc  grama  an  d  »  fuH  of 
Unear  rods  of  plagioclase  with  forked  end*.   It  passe*  at  the  border 
rdeeplown  £hybt*  The  rock  contain,  little  orno  pyroxene 
A  d^  a  foot  thick,  of  olivine  diaba**  porphyry,  oc^i,  in  Nor^ 
g^etd,  half  a  mil.  aouthwe*  of  Blackstone,  above 
tbe  brook  and  cuts  granite  at  a  contact  with  conglomerate.  It  wa. 
<Wribed  bv  Dr.  Samuel  Bobinaon.4 

Similar  amall  olivin.  diabaa.  dik*.  oeeor  in  th.  martt. 
quarry  at  Lime  Bock,  B.  1-,  and  at  the  ^thern  boundary  of  Lin- 
coln, B.  L,  thre^martera  of  a  mile  aouthweat  of  Olncy.   
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NORMAL  HOMP0RPHTRITIO  DIABASE. 

Ptte/t  in  and  near  W orceater  County. — The  nonporphyritic  type 
includes  dikes  of  very  fine  grained,  dark  bluish-gray  trap,  charac- 
terize! by  the  presence  of  both  pyroxene  and  plagioclase  in  only  a 
singh  form,  and  by  the  absence  of  porphyritic,  even  microporphyritic 
(extuic,  although  here  and  there  a  flake  of  earlier- formed  mica  in- 
closes a  little  white  pyroxene.  In  addition  the  thin  section  shows  only 
a  few  grains  of  magnetite. 

A  dike  20  to  25  feet  thick  and  500  feet  long  outcrops  a  mile  north- 
east o'  the  railroad  station  in  Sterling.  In  the  northeast  corner  of 
South  Iforo  a  great  dike  of  rock  of  this  type  is  120  to  160  feet  thick 
and  1,1100  feet  long.  The  rock  closely  resembles  the  Holyoke  diabase, 
but  the  pale-brown  augite  is  more  automorphic  and  presents  every 
stage  of  the  change  to  uralite,  and  in  places  biotite  has  altered  to 
chlorite. 

in  Ettex  C ounly. — Shaler 1  has  mapped  the  diabase  dikes  ex- 
posed on  the  shore  of  Cape  Ann  and  found  824  in  this  small  area 
but  only  6  in  natural  exposures  over  the  whole  remaining  surface 
of  the  island,  showing  how  great  a  multitude  must  remain  undis- 
covered beneath  the  surface  deposit*.  They  range  from  a  fraction 
of  an  inch  to  many  feet  in  thickness  and  many  of  them  are  1  to  S 
mile*  long.  Two-third*  of  them  have  a  trend  near  N.  30*  W.  and 
all  have  a  high  dip.  I  have  also  mapped  them  and  studied  many 
thin  section*,  They  are  described  at  some  length  by  Washington.* 

Tbe  rock*  are  dense  black,  vary  fine  grained,  compact,  and  of  ophitic 
or  basaltic  texture  or  else  the  two  texture*  blend.  Many  of  them  are 
greatly  decomposed.  Labradorite  lath*,  violet  augite  anhedra,  and 
magnetite  in  feathery  forms,  with  some  brown  glass  in  the  basaltic 
type*,  compose  the  rock.  There  is  no  olivine.  They  cut  all  the  rocks 
of  the  region  and  seem  generally  to  represent  the  simplest  normal 
diabase  type, 


Chrmircl  eomporitin*  of  fmhct  opkltic  rock  («aa«M,  comptonote)  from  the 
lo^ve  fwarry  at  Rock-port,  Mm* 
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175  at  the  Pig?00  1 
W«btogt»  "-'i^k ^rllSVoint  of  A*, 

nuarrv  and  a  similar  oiKe  ai  groundmass. 

IWJte.  */  the  Boston  M  follows:  •  ! 

dikes  of  the  lower  Neponset  1  alle>  ^  I 
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augite,  biotib  i,  magnetite,  and  ilmenite,  and  secondary  horn- 

blende, chlor  tz,  calcite,  leucoxene,  and  pyrite. 


Che-.  position  of  diabase  from  the  lledford  dike. 
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1  and  3.  Kwh  and  disintegrated  gabbrold  diabase  (andose),  Medford,  Mass.  G.  P.  Mer- 
rill, analyst :  Geo!.  Sot  America  Boll.,  toL  7.  p.  SSS,  1890.  Analysis  S  Is  of  the  much 
weathered  and  disintegrated  rock. 

2.  Fresh  diabase,  Pine  Hill,  Medford,  Mass.  R.  C  Sweeter,  analyst.  Harrard  College 
Mas.  Comp.  Zool.  BulL,  vol.  16,  p.  9,  1888. 


COABBE  UTLA.LITIC  DIABASE. 

This  rock  occurs  in  Woonsocket  on  the  Blackstone  road,  60  rods 
south  of  the  railroad,  as  a  boss  15  by  35  rods  in  extent,  trending 
east  It  is  a  coarse  greenish-black  rock  that  has  visible  ophitie 
texture.  Broad  blades  of  anorthite,  skeletonized  magnetite  inter- 
grown  with  biotite,  pale  amber-colored  augite  somewhat  altered 
to  matted  uralite,  and  chlorite  which  is  thrust  into  the  adjacent 
grains  in  rootlike  forms  make  up  the  rock. 

COARflX  BOEBBLSBSE  DIABASE. 

In  North  Worcester  are  many  great  bowlders  of  fresh,  coarse, 
dark-brown  rock  of  gabbroid  texture,  consisting  largely  of  stout 
amber-colored  prisms  of  augite  centrally  full  of  black  needles,  with 
subordinate  brown  hornblende,  biotite,  and  titanite,  and  cuboid 
grains  of  very  calcic  plagioclase. 
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